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EXECUTIVE SUMKARY

The objective of this research was to generate a data base for

munitiono-unique pollutants being discharged at load, assemble, and

pack (LAP) facilities and for condensate discharges at a 2,4,6-

trinitrotoluene (TNT) production facility. These data were used to

establish environmentally realistic wastewater discharge mixtures for

use in toxicological testing in aquatic and maimnalian species.

The major components of LAP discharges evaluated wer~e TNT and

1,3,5-trinitrohexahydro-l,3,5-triazine (RDX). A TNT/RDX ratio of

1.6/1.0 was established for wastewaters discharged from shell washout

and housecleaning operations. Since extensive photochemical degrada-

tion of TNT occurs in sunlight, laboratory methods were developed to

simulate sunlight in generating photoirradiated TNT/RDX residues for

the toxicological evaluations.

lIne the condensate dicagthe following cmonswere identi-

fied and quantified over a 12-month sampling period: N-nitrosomorpho-

lie;-dinitrobennoae; 3-atinoe2 2,4-dinitrotoluene; 3-amino-2 , 6-dinitro

toluniroenene; 5-amino-2 ,4-dinitrotoluene; 3-a-dntrtoune; 3,6-dinitro-

toluene; 4-amino-2 ,6-dinitrotoluene; 1 ,5-dimetrthyluen ,4-inirobnzene;

23-iirtoluene; 4aio2 ,5-dinitrotoluene.; 4,-aimeno-3,5-dinitrotlenzen;

toltdien;nitrotoluene; 2,5- 4-dini trol 5-methylphnol; 2-amno6nitroto-es

toluene; 3mio4-nitrotoluene; 2-4dnitro-5mtoyluene; 2, ,-trinito-ntrolun

toune2-amino-4-,6dnitrotoluene; 5-ehl2-nitrophlenol; 2-amino-4-nitroto-ee

toluene;46dntrtlee 3-methyl-2-nitrophenla,, -rntobezn; 3, 5in-dinitro-

aniliene; 3-nitrobenzonitripnle; 4-nitrobenznitril.nene 2-amino-3 6-

dniinitrotoluen;and 2,4,6tri;4nitrotolene.iThrough- clusteranalysi

aind 90th perLntt concen,6trationdterminaTirons, alurepresentatyive
adisc thargedsributicn condetatoenstermpntonent as rpestanlish vd

dishageditrbuie o cndnstecopoens asesabised

L



Methods were developed for the synthesis of those condensate

components that could not be obtained from cou ercial sources. All

condensate components that were to be used in the toxicological efralua-

tions were identified and analyzed for purity through analytical

characterizations using spectrometric and chromatographic techniques.

Hypotheses about the environmental fates of condensate components .

were examined. Volatilization -nd photolysis appear to play major

roles in the transport and transformation of these compounds in the

aquatic environment.
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4, ~1



CONTENTS

EXECUTIVE SUMMARY ....

LIST OF ILLUSTRATIONS . ......... ....... ....... ix

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . .. xv

1 INTRODUCTION ............... . . ... . 1

2 BACKGROUND AND OBJECTIVES ................ .... 3

3 EXPERIMENTAL APPROACH ........... ................ . . 4

3.1 Sources and Analysis of LAP Wastewater Samples . . 4

3.1.1 Sourices........ . . . ............. 4
3.1.2 Analytical Methods ........... ............... 4
3.1.3 Sampling Data . . . . . . ........... . . 5

Iowa Army Ammunition Plant ....... ........... 5
Milan Army Ammunition Plant ...... ........... 6
Louisiana Army Ammunition Plant ............. . 10
Lone Star Army Ammunition Plant . 10

3.2 Establishment of a TNT/RDX Patio .... ..... .... . 11

3.3 Analysis of TNT/RDX Mixtures in Feed for
Toxicologicai Evaluations . . . . . . . . . . . . .. 12

3.4 Preparation of Photolyzed TNT/RDX Residues ..... 14

3.4.1 Analytical Methods and Sample Profiling . . . .. 14
3.4.2 Photolytic Methods ..... ............. . . . 14
3.4.3 !aboratory and Sunlight Photolysis . . . . . .. 16
3.4.4 Establishment of a Photoirradiation

End Point ........... ......... . . . 17
3.4.5 Preparation of Photoirradiated Materials

for Toxicological Evaluations ........ . . 22

3.5 Identification and Sampling of Condensate
... : L - • Wastewater-Component* ,.,. v ... .. 0 o 22

3.5.1 Source . . . . . . . . . ....... . . .. 22
3.5.2 Analytical Methods .. . ............ 23
3.5.3 Identification of Condensate Components . . . . . 24
3.5.4 Sampling Data . . . . . . . . . . . o o o 31

3.6 Establishment of Representative Discharge
Ration for Condensate Cowponents , ......... 31

FVV

1;:



3 EXPERIMENTAL APPROACH (Continued)

3.7 Methods for t'le Synthesis of Condensate
Components ...... ....................... . 39

3.7.1 Preparation of 2,3-Dinitrotoluene .......... . 39

O-Acetotoluimide ..... ................ .... 39
N-Acetyl-2-Amino-3-Nitrotoluene ............. 40
2-Amino-3-Nitrotoluene ..... ............... 40
2,3-Dinitrotoluene ..... ............. . 40

3.7.2 Preparation of 3-Amino-2,6-Dinitrotoluene . . . 41
3.7.3 Preparation of 3-Amino-2,4-Dinitrotoluene . . . 41

2,3,4-Trinitrotoluene ........... ...... 42
3-Amino-2,4-Dinitrotoluene ............. .... 42

3.7.4 Preparation of 2,5-Dinitrotoluene ....... .. 42
3.7.5 Preparation of 4-Amino-3,5-Dinitrotoluene

and 3,5-Dinitrotoluene ..... ............... 43

3,5-Dinitro-N-Acetyl-Parstoluidine ......... . 43
4-Amino-3,5-Dinitrotoluene .............. ... 44
3,5-Dinitrotoluene ..... ............... .... 44

3.7.6 Preparation of 1,5-Dimethyl-2,4-
Dinitrobenzene. .. -... _. . . ....... .. , . . 44

3.7.7 Preparation of 2-Amino-5,6-Dinitrotoluene
and 2-Amino-3,6-Dinitrotoluene .............. 45

2-Methyl-3-Nitroacetanilide ... .......... ... 45
2-Methyl- ý ,6-Dinitroacetanilide
and 2-Methyl-3,4-Dinitroacetanilide . . . . .. 46
2-Amino-5,6-Dinitrotoluene ........... . 46
2-Amino-3,6-Dinitrotoluene .............. ... 46

3.7.8 Preparation of 5-Pmino-2,4-Dinitrotoliuene . . . 47

2,4,5-Trinitrotoluene . . . . . . . . . . . . 47
5-Amino-2,4-Dinitrotoluene ............. 47

3.7.9 Alternative Method of Preparing 5-Amino-
2,4-Dinitrotoluene ..... ............. .... 48

3.7.10 Preparation of 1,3,5-Trinitrobenzene . . . . . . 49

2,4,6-Trinitrobenzoic Acid ................. 49
1,3,5-Trinitrobenzene . . . . . . . . . . . . . 50

3.7.11 Preparation of 2,3,6-Trinitrotoluene . . . . . . 50

2-Methyl-3-Nitroacetanilide ... .......... ... 51
2-Methyl-3,5-Dinitroacetanilide
and 2-Methyl-3,6-Dinitroacetanilide ...... .. 51
2,3-Dinitro-2-Aminotoluene
and -,6-Dinitro-2-Aminotoluene . . . . . . . . . 51
2,3,6-Trinitrotoluene . . . . . . . . . . . .. 52

3.7.12 Preparation of 3-Amino-4-Nitrotoluene ..... 52

vi



I
l

4 ANALYTICAL CHEMISTRY EVALUATIONS OF MUNITIONS
COMPOIUNDS USED IN TOXICOLOGICAL EVALUATIONS . . . . . .

4.1 Toluene...................... . .

4.2 2-Nitrtoluene. . . . . 61

4.3 4-Nitrotoluene............ . 69

4.4 3-Methyl-2-Nitrophenul. . . . . . . ...... .. 77

4.5 5-Methyl-2-Nitrophonol ....................... . 85

4.6 1,3-Dinitrobenzene..................... . . 93

4.7 2,6-Dinitrotoluene............................ 101

4,8 2,5-Dinitrotoluene ............... ........ 109

4.9 2,4-Dinitrotoluene ........ ................. 117

4.10 2,3-Dinitrotoluene ....... ................. .... 125

4.11 3,5-Dinitrotoluene........................... . 133

4.12 3,4-Dinitrotoluene........................... . 141

4.13 4,6-Dinitro-m-Xylene ................... . 149

4.14 1,3,5-Trinitrobenzene ...... ............... 157

4.15 2,4,6-Trinitrotoluene .......................... 165

4.16 3-Amino-2,4-Dinitrotoluene ............ . . .. 174

4.17 4-mino-3,5-Dlnitrotoluene . . ........... 182

4.18 3-Amino-2,6-Dinitrotoluene. ................. .... 190

4.19 4-Amino-2,6-Dinitrotoluene . .... ........... . 198

4.20 5-Amino-2,4-tinitrotoluene. . ............ 206

4.21 2-Amino-4,6-Dinitrotolune................... . 214

4.22 2-Aminc-4-Nitrotoluene ......................... 222

4.23 2,4-Dinitro-5-Methylphianol ................ .231

4.24 4-Nitrobenzonitrile ............................ 239

4.25 3-Amino-4-.Nitrotolene . . . ............ 247

4.26 3-Nitrobeuzonitris .e. ...................... . 256

4.27 2-Amino-G-Nitrololume . . . ........... 264

4.28 3,5-Dititroantlt1e ...................... 272

4.29 2,3,6-Trnitcotoluene . . ......... . 280

4.30 2-Aaino-3,6-Dinitrotoluene ........... . . . 288

5 WNTRONMIETAL FATE ESTIMATES FOR
CODENSATECOY AF3Wm.r.................... . 296

vit



6 CONCLUSIONS AVO RECCMNENDATIO14S ............. 310

7 REFERENCES .. . ..... .. . .. .. .. .. ..... 311

APPENDIX - (LASS CAPILLARY GAS CHRCMATOGRAPHIC
ANALYSIS OF CONDENSATE COMPONENTS ......... 312

DISTRIBUTION LIST .............................. ... 316

i.t



TLLUSTpRTIONS

I Diagram of Flow-Through Reactor ............. 15

2 Decomposition of TNT and RDX in Sunlight . . . . . . . . 18

3 Relative Concentrations of TNT and RDX
in Flow-Through Reactor as a Function
of Flow Rate .... ........... .. .......................... 19

4 Comparative hplc Profile of the Photolysis
of a TNT/RDX Mixture Under Natural Sunlight
and Laboratory Conditions ..... .............. . 20

5 Gas Chromatographic Profile of Condensate
Wastewater Extract ............... ................... 25

6 Possible Route of Formation of

Aminodinitrotoluenes in Condensate Wastewater ...... ... 30

7 Infrared Spectrum of Toluene ....... ............ ... 55

8 NM Spectrum of Toluene ............ ... ............. 56

9 UV Spectrum of Toluene .................. 57
In u , .rh-ometor os of Toluene . . . . . . . . . . . . . . 58

11 Pass Spectrum of Toluene .............. ........... 59

12 GC Spectrum of Toluene ....... ................. .... 60

13 Infrared Spectrum of 2-Nitrotoluene ... ........... ... 63

14 NMK Spectrum of 2-Nitrotoluene ... ...............

15 UV Spectrum of 2-Nitrotoluene. ..... .............. ... 65

16 HPLC Chromatogran oi 2-Nitrotoluene ... ........... ... 66

17 CC Spectrum of 2-Nitrotoluene ..... .............. ... 67

18 Mass Spectrum of 2-Witrotoluet.s ................. .... 68

19 Infrared Spectrum of 4-Nitrotoluen. .............. .... 71

20 NMnR S ciru. of 4-Nitrotoiw'te ............ .72"

?I UV Spectrum if 4-Nitrotoluene ..... .............. ... 73

22 HPLC Chromatogram of 4-NMitrotoluene ........ .......... 74

23 GC Spectrum of 4-Nitrotoluene ..... .............. ... 75

24 Naea Spectrum of &-Nittotoluen.e .... ............. .... 76

ix



25 Infrared Spectrum of 3-Mothyl-2--nitrophenol. ............... 79

26 NMR Spectrum of 3-Methyl-2-nitrophenol ..................... 80

27 UV Spectrum of 3-Methyl-2-nltrophanol. ..................... 81

28 HPLC Ch'-omutogram of 3-Methyl-2-nitrophenol. ............... 82

29 GC Spectrum of 3-Methyl-.2-nltrophenol. ..................... 83

30 Mass Spectrum of 3-Methyl--?-nitrophonol. ................... 84

31 Infrared Spectrum of 5-Methyl-2-nitrophenol. ............... 87

32 NH1R Spectrum of 5-Methyl-2-nitrophenol ..................... 88

33 UV Spectrum of 5-Methyl-2-nitrophenol. ............ ........89

34 HI'LC Chromatogran of 5-Msthyl--2-nitrophenol. ............... 90

35 GC Spectrum of 5-Mathyl-2-nitrophenol. ..................... 91

36 Mass Spectrum of 5-Methyl-2-nitrop~ieno . ................... 92

37 Infrared Spectrum of 1.3-Dinitrobenzone. ............ 95

38 4MM Spectrum of 1,3-Dinitrobenzene ......................... 96

39 tbt Spectrum of 1,3-Dlnitrobenzene. ......................... 97

40 HPI.C Chroimatogram of 1,3-Dinitrobenzene. ................... 98

41 GC Spectrum of 1,3-Dinitrobenrene. .. .....................99

42 Mass Spectrum of 1,3-Dinitrobenzone .. .......... ......... 100

43 Infrared Spectrum of 2,6-Dinitrotoluene .. ................. 103

44 NMR Spectrum of 2,6-Dinitrotoluene . ....................... 104

45 IN Spectrum of 2,6-Dinitrotoluene .. ....................... 105

46 HPLC Chromatogram of 2,0-Dinitrotoluene .. ................. 106

47 GC Spectrum of 2,6-Dinityotoluene .. ....................... 107

48 Mass Spectrum of 2,6-Dinitrotoluene .. .......... ......... 108

49 Infrared Spectrum of 2,5-Dinitrotoluene..... .. .. .. .... 11

50 NMR Spectrum of 2,5-Dinitrotoluene. .......... ........... 112

51 IN Spectrum of 2,5-Dinitrotoluene .. .......... ........... 113

52 HPLC Chromatogram of 2,5-Dinitrotoluene .. .......... ..... 114

53 GC Spectrum of 2,5-Dinitrotoluet.. .. .. .. .... ........... 115

54 Mass Spectrum of 2,5-Dinitrotoluene .. .......... ......... 116

55 Infrared Spectrum of 2,4-Dinitrotoluene .. .......... ..... 119

56 lTMR Spectrjmi of 2,4-Dinitroto3.uene . .......... ........... 120

57 IN Spectrum of 2,4-Dinitrotoluene .. .......... ........... 121

x



58 HPLC Chromatogrm oý. 2,4-Dinitrotoluene ..... ......... 122

59 GC Spectrum of 2,4-)initrotoluene ... ............ .... 123

60 Mass Spectrum of 2,4-Dinitrotoluene. .............. ... 124

61 Infrared Spectrum of 2,3-Dinttrotoluene ..... ......... 127

62 IM1 Spectrum of 2,3-Dinitrotoluene. ... ............. 128

63 UV Spectrum of 2,3-Dinitrotoluene. ............... .... 129

64 HPLC Chromatogram of 2,3-Di~itrotoluene ..... ......... 130

65 GC Spectrum of 2,3-Dinitrotoluene ... ............ .... 131

66 Kass Spectrum of 2,3-Dinitrotoluene ... ........... ... 132

67 Infrared Spectrum of 3,5-Dinitrotoluene. ..... ......... 135

68 NR Spectrum of 3,5-Drnitrotoluene ... ........... ... 136

69 UV Spectrum of 3.5-Dinitrotoluene ... ............ .... 137

70 HPLC Clromatogram of 3,5-Dinftrotoluene .......... 138

71 GC Spectrum of 3,5-Dinitrotoluene. ............... .... 139

72 Has& Spectrum of 3,5-Dinitrotol-iene 10........... 10

73 Infrared Spectrum of 3,4-Dinitrotoluene ..... ......... 143

74 NMR Spectrum of 3,4-Dinitrotoluene ... ........... ... 144

75 UV Spectrum of 3,4.-Dinitrotoluene .............. .. 145

76 HPLC Chromatogram of 3,4-Linitrotcluene ......... 146

77 GC Spectrum of 3,4-Dinitrotoluene ... ............ .... 147

78 M4ass Spectrum of 3,4-Dinitrotoluene ........... 148

79 Infrared Spectrum of 4,6-Dinitro-m-xylene ......... 151

80 NMR Spectrum of 4,6-Dinitro-m-xylene ........... 152

81 UV Spectrum of 4,6-Dinitro-m-xylene ... ........... ... 153

82 HPLC Chromatogram of 4,6-Dinitro-m-xylene 4.........1

83 CC Spectrum of 4,6-Dinitro-w-xylene ............ 155

84 Muss Spectrum of 4,6-Dinitro-m-xylene .......... 156

85 InfrareJ Spectrum of 1,3,5-Trinitrobanzene ........ 159

86 ••R Spectrum of 1,3,5-Trinitrobanzene ............ .... 160

87 UV Spectrum of 1,3,5-Trinitrobenzone ... ......... ... 161

88 HFIX Chromatogram of 1,3,5-Trinitrobenzene ....... 162

89 GC Spectium of 1,3,5-Trinitrobenzene ........... 163

90 Mass Spectrum of 1,3,5-Trinitrobenzene ......... 164

xi



91 Infrared Spectrum of 2,4,6-TrLnitrotoluene ........... 167

92 NMR Spectrt,um of 2,4,6-.Trinitrotoluene ......... 168

93 UV Spectrum of 2,4,6-Trinitrotoluene ... .......... ... 169

94 HPLC Chromatogram of 2,4,6-Trinitrotoluene .... ....... 170

95 CC Spectrum of Crude 2,4,6-Trinitrotoluene ..... ....... 171

96 GC Spectrum of Recrystallized 2,4,6-Trinitrotoluene . 172

97 Mass Spectrum of 2,4,6-Trinitrotoluene ........... ... 173

98 Infrared Spectrum of 3-Amino-2,4-dinitrotoluene . . .. 176

99 NMR Spectrum of 3-Amino-2,4-dinicrotoluene ......... ... 177

100 UV Spectrumr. of 3-Amino-2,4-dinitrotoluene ....... ... 178

101 HPLC Chronatogram of 3-Amino-2,4-dinitrotoluene .... 179

102 CC Spectrum of 3-Amino-2,4-dinitrotoluene ....... ... 180

103 Mass Spectrum of 3-Axirno-2,4-dinitrotoluene ...... ... 181

104 Infrared Spectrum of 4-tmino-3,5-dinitrotolueie .... 184

105 NMR Spectrum of 4-Amino-3,5-dinitrotoluene ......... ... 185

106 UV Spectrum of 4-Amino-3,5-dinitrotoluene .. . .... ... 186

107 HPLC Chromatogram of 4-Amino-3,5-dinitrotoluene .... 187

108 GC Spectrum of 4-Amino-3,5-dinitrotoluene ....... ... 138

109 Mass Spectrum of 4-Amino-3,5-dinitrotoluen. ...... ... 189

110 Infrared Spectrum of 3-Amino-2,6-dinitrotoluene .... 192

111 NMR Spectrum of 3-Amino-2,6-dinitrotoluene ......... ... 193

112 UV Spectrum of 3-Amino-2,6-dinit )toluene 194

113 HPLC Chromatogram of 3-Amino-2,6-dinitrotoluene .... 195

114 CC Spectrum of 3-Amino-2,6-dinitrotolunne ....... ... 196

115 Mass Spectrum of 3-Amino-2,6-dinlitrotoluene ...... ... 197

116 Infrared Spectrum, of 4-Amino-2,6-dinitrotoluene .... 200

117 NMR Spectrum of 4-Anino-2,6-dinitrotoluene ........ ... 201

118 UV Spectrum of 4-Amino-2,6-dinit-,toluene ....... ... 202

119 HPLC Chromatogram of 4-Amino-2,j-dinitrotoluene .... 203

120 CC Spectrum of 4-Amino-2,6-dinitrotoluene 204

121 Mass Spectrumn of 4-Amino-2,6-dinitrotoluene ....... 205

122 Infrared Spectrum of 5-Amino-2,4-dinitrotoluene . 208

123 NMR Spectrum of 5-Amino-2,4-dinitrotoluene ........ 209

xii

L. . . .....



124 UV Spectrum of 5-Amino-2,4-dinitrotoluene ....... 210

125 HPLC Chromatogram of 5-Amino-2,4-dinitrotoluene . . . 211

126 GC Spectrum of 5-Amiino-2,4-dinitrotoluene ....... ... 212

127 Mass Spectrum of 5-Amino-2,4-dinitrotoluene ...... ... 213

128 Infrared Spectrum of 2-Amino-4,6-dinitrotoluene .... 216

129 NHR Spectium of 2-Amino-4,6-dinitrotoluene ...... .. 217

130 UV Spectrum of 2-Amino-4,6-dinitrotoluene ....... ... 218

131 HPLC Chromatogram of 2-Amino-4.6-dinitrotoluene .... 219

132 GC Spectrum of 2-Amino-4,6-dinitrotoluene ....... ... 220

133 Mass Spectrum of 2-Amino-4,6-dinrtrotoluene ...... ... 221

134 Infrared Spectrum of 2-Amino-4-nitrotoluene ...... ... 224

135 Infrared Spectrum of 2-Amino-4-nitrotoluene ...... ... 225

136 UV Spectrum of 2-Amino-4-nitrotoluene ........... ... 226

137 NMR Spectrum of 2-Amino-4-nitrotoluene .. ........ .. 227

138 HPLC Chromatogram of 2-Amino-4-nitrotoluene ...... ... 228

139 GC Spectium of 2-Amino-4-nitrotoluene ........... ... 229

140 Mass Spectrum of 2-Amino-4-nitrotoluene .......... ... 230

141 Infrared Spectrum of 2,4-Dinitro-5-methylphenol . . . 233

142 NMR Spect'cum of 2,4-Dinitro-5-methylphenol ...... .. 234

143 HPLC Chromatogram of 2,4-Dinitro-5-methylphenol .... 235

144 GC Spectrum of 2,4-Dinitro-5-methylphenol ....... ... 236

145 UV Spectrum of 2,4-Dinltro-5-methylphenol ....... ... 237

146 Mass Spectrum of 2,4-Dinitro-5-methylphenol ...... ... 238

147 Infrared Spectrum of 4-Nitrobenzonitrile .... ....... 241

148 UV Spectrum of 4-Nitrobenzonitrile .. .......... ... 242

149 NMR Spectrum of 4-Nitrobenzonitrile ............ ... 243

150 HFLC Chromatogram of 4-Nitrobenzonitrile ....... .. 244

151 GC Spectrum of 4-Nitrobenzonitrile ....... .......... 245

152 Mass Spectrum of 4-Nitrobanzonitrile .. ......... ... 246

153 Infrared Spectrum of 3-Amino-4-nitrotoluene ...... ... 250

154 NMR Spectrum of 3-Amino-4-ni.rotoluene .. ........ .. 251

155 GC Spectrum of 3-Amino-4-nitrotoluene ........... ... 252

156 UV Spectrum of 3-Amino-4-nitrotoluene. .......... ... 253

xiii

---- x---il



157 HPLC Chromatogram of 3-Amino-4-nitrotoluene ...... ... 254

158 Mass Spectrum of 3-Amino-4-nitrotoluene ......... 255

159 Infrared Spectrum of 3-NitrobenzonLtrile ....... .. 258

160 NMR Spectrum of 3-Nitrobenzonitrile ............ ... 259

161 GC Spectrum of 3-Nitrobenzonitrile .. ......... ... 260

162 HPLC Chromatogram of 3-Nitrobenzonitrile 261

163 UV Spectrum of 3-Nitrobenzonitrile .......... ....... 262

164 Mass Spectrum of 3 Nitrobenzonitrile .. ......... ... 263

165 Infrared Spectrum of 2-Amino-6-nitrotoluene ...... ... 266

166 NMR Spectrum of 2-Amino-6-nitrotoluene .. ........ .. 267

167 UV Spectrum of 2-Amino-6-nitrotoluene ........ ... 268

168 GC Spectrum of 2-Amino-6-nitrotoluene ......... .... 269

169 HPLC Chromatogram of 2-Amino-6-nitrotoluene ...... ... 270

170 Mass Spectrum of 2-Amine-6-nitrotoluene .......... ... 271

171 Infrared Spectrum of 3,5-Dinitroaniline ............. 274

172 NMR Spectrum of 3,5-Dinitroaniline ....... .......... 275

173 GC Spectrum of 3,5-Dinitroaniline ..... ............ 276

174 UV Spectrum of 3,5-Dinitroaniline ............. .... 277

175 HPLC Chromatogram of 3,5-Dinitroaniline .......... ... 278

176 Mass Spectrum of 3,5-Dinitroaniline ....... .......... 279

177 Infrared Spectrum of 2,3,6-Trinitrotoluene ...... .. 282

178 GC Spectrum of 2,3,6-Trinitrotoluene ...... ......... 283

179 NMR Spectrum of 2,3,6-Trinitrotoluene........ . . 284

180 HPLC Chromatogram of 2,3,6-Trinitrotoluene . . . . . . 285

181 UV Spectrum of 2,3,6-Trinitrotoluene .. ......... ... 286

182 Mass Spectrum of 2,3,6-Trinitrotoluene .. ........ .. 287

183 Infrared Spectrum of 2-Amino-3,6-dinitrotoluene .... 290

184 NMR Spectrum of 2-Ami'io-3,6-dinitrotoluene ...... .. 291

185 UV Spectrum of 2--Amino-3,6-dinitrotoluene ........ ... 292

186 HPLC Chromatogram of 2-Amino-3,6-dinitrotoluene .... 293

187 GC Spectrum of 2-Amino-3,6-dinitrotoluene ....... ... 294

188 Mass Spectrum of 2-Amino-3,6-dinitrotoluene ...... 295

xiv

-.- ~-*--------~-



TABLES

1 Combined Influent Data for IAAP ... , ...... .. 7

2 Combined Effluent Data for tAAP . ............ 8

3 Combined Sampling Data for MAAP * ............ 9

4 Combined Sampling Data fcr LAAP .......... . 11

5 Combined Sampling Data for LSAAP .......... .. 11

6 Data Points Used to Establish a
Representative TNT/RDX Ratio ...... .. ...... 13

7 Acute Toxicity to Daphnia mzgna of Synthetic LAP
Wastewater Photoirradiated at Different Flow Rates . . . 21

8 Combined VAAP Condensate Sampling Data from SRI . . . . . 32

9 Combined VAAP Condensate Sampling Data fromi NSWC . . . . 34

10 Combined VAAP Condensate Values for pH,
Nitrite, L" 4trate, and TOC ....... ................ .... 35

11 Relative Percentages of Condensate Components
Derived from Computer Clusters ............. '7

12 90th Percentile Concentrations and Relative
Concentrations Determined for Condensate Components . . . 38

13 Concentrations of Condensate Components
Used in Sun-Shade Experimeat .. .............. 299

14 Concentrations of Condensate Components During
Sun-Shade Experiment: .. ............................. 300

15 Comparative Volatility Studies of Condensate
Components Under Outdoor Shade and Controlled
Laboratory Conditions ....... ..................... 302

16 Relative Rates of Loss of Condensate Components
Due to Volatility and Photolysis . .... ........... 304

17 The Percentage of Contribution of Photolysls
and Volatility to the Loss of Condensate
Componenta from Water ........ .................. ... 305

18 Relative Rates of Loss of Condensate
Components frcm the Environment as a
Function of Photolysis and Volatility ........... 306

xv



19 Octanol/Water Partition Values
(log P) Determined for
Condensate Components ........ .................. ..... 308

20 Calculated Log BFC Values for
Condensate Wastewater Components .... ............ ... 309

i

m~k~ -



1 INTRODUCTION

The U.S. Army Medical Research and Development Command has been

directed to evaluate the potential hazard to mammalian and aquatic

systems of wastewater discharged from TNT production and handling

facilities. Of primary concern is the potential toxicity of the

complex mixture that results from the photodegradation of TNT and RDX,

a mixture commonly referred to as LAP (load, assemble, and pack) waste-

water. Also of concern are the wastewaters generated at TNT production

facilities known as condensate water.

Under contract with USAMRDC, SRI International undertook extensive

chemical and toxicological studies, the respective objectives of which

were to identify and quantify the chemical components of LAP water and

the photolytic changes they may undergo and to evaluate the toxicity

of TNT and those TNT-containing mixtures. The goaJ was to determine

the responses cf mammals and aquatic organisms to long-term exposure

to the compounds found in the wavewater discharges. This information

will aid the Army to develop a data base for recommending ambient water

quality criteria and for defining levels of treatment in its pollution

abatement programs.

This report summarizes SRI's chemistry studies during the period

1 April 1976 to 1 March 1978. Experiments were conducted to identify

... •d-quantify chemical components in LAP water and in condensate water

effluents from Army munitions plants, and these components were pre-

pared in sufficient quantities for the toxicological evaluations. The

chemical components prepared included photoirradiated and nonphcto-

irradiated TNT/RDX mixtures (synthetic LAP water) and a synthetic

condensate mixture formulatad from numerous samplings of TNT production

1]



wastewater. The results of the analytical chemistry evaluation of the

condenisate components used in toxicological evaluationis are presented.

This report also Pssess.as the roles of volatility and photolyuis

in describing the environmental fate of condensate components.



2 BACKGROUND AND OBJECTIVES

In the production of munitions compounds, significant mounts of

wastewaters are generated and eventually discharged Into the environ-

ment. These discharges contain many organic chemicals for which

toxicological data are cparse or for which environental fates are

not known.

Before ambient water quality criteria for these dioicharges can

be established, the chemicals in the discharge must be 'identified and

toxicological data must be obtained for each. However, when many

chemical components are discharged, the toxicological data often may

be influenced by synergistic or antagonistic effects ar:Lsing from

interactions between the components. This can lead to incorrect

assessments of toxicological hazard.

A solution to this problem is to conduct toxicolcgic evaluations

of representative mixtures of the chemical components in the discharges.

This approach is more realistic for assessing the environmental impact

of the discharge and is significaatly less costly than testing single

compounds if long-term toxicological testing is warranted.

The objectives of the analytical chemistry segment of this study

were: (1) to establish TNT/RDX ratios representative of discharges at

LAP facilities; (2) to investigate laboratory methods to prepare

photoirradiated residues for toxicological evaluation; (3) to identify

and establish representative distributions of organics in condensate

discharges at a TNT produccion facility; (4) to procure, via synthetic

routes or coimarcial sources, thie organic compounds identified; and

(5) to supply analytically characterized samples and mixtures for

toxicological evaluation. After these objectives were met, the factors

affecting the environmental fate of condensate compounds in squat c

systems were investigated.
3
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3 EXPERIMENTAL APPROACH

3.1 Sources and Analysis of LAP Wastewater Samples

3.1.1 Sourees

The LAP wastewater samples investigated in this study were obtained

from Iowa Army Ammunition Plant (IAAP; Burlington, Iowa) land from Milao

Army Ammunition Plant (MAAP; Milan, Tennessee). Several samples of

LAP discharges also investigated were from Louisiana Army Amunition

Plant (LaAP; Minden, Louisiana) and from Lone Star Army Ammunition

Plant (LSAAP; Texarkana, Texas).

The LAP discharges were obtained from the Composition (Comp) B lines

at IAAP and MAAP. Comp B is a mixture of TNT (60Z) and RDX (40%). Thece

discharges may undergo photolytic decomposition to create what is

called "pink water." Tht principal chemical investlgations were to

establish representative ratios of TNT and RDX in numerous samples

tsken over a 12-month period and to develop photolytic methods to

generate pink water. Both nonirradiated and irradiated LAP water were

submitted for toxicological evaluatiov.

The majority of wastewater samples were obtained on site by U.S.

Army Medical Bioengineering Research and Development Laboratory or

SRI personnel and hand carried or mailed to SRI laboratories for

analysis. In a few cases, sampling was performed by plant personnel

and samples were mailed to SRI.

3.1.2 Analytical Methods'

The determination of TNT and RDX in munitions wastewaters was

performed by high-pressure liquid chromatography (hplc) using reverse--

phase methods. The conditions for these analyses were--

4



0 Instrument: Spectra-Physics Model 3500 3 Liquid Chromatograph.

* Columu: 30 cm x 1 cm Ca..u Bondapak Reverse-Phase (Water's
Assoc.).

* Solvent: Methanol/water, 60/40.

* Flow rate: 1.6 ml/min.

* Detection: uv at 254 nm.

• Sensitivity: 0.0025 aufs (absorbance units full scale).

a Retention time: 149 sec RDX; 209 sec TNT; 351 sec benzophenone
(internal standard).

The lower limits of detection were 0.4 ppm fcr RDX and 0.1 pyi for TNT

at 254 nm. These limits could be lowered by a factor of 2 at 210 win.

The latter wavelengths were used for very low TNT and RDX concentrations.

Peah areas were determined by digital Integration usirg a Spectra-

Physics Minigrator. Quantitation was achieved by the internal stan-

dard anthod using benzoph none as the Lnternal standard.

Samples were rZceived by mail in Teflon-lined. screv.-cap glass

bottles. They were atored under refrigeration until the time of

analysis. The sample bottles were hea, d ca a steam bath (100" C),

filtered through sintered glass 'rF tel, an!1 analyzed by hplc. Man5 of

the samples were also analyzed for nitrite by a modified Grieso

reagent* and for nitrate by cai-um column reduction 2 or by an ion-

specific electrode. (ther par_ýmaters that were monitored were pH,

determined with an Orion Model 701 digital pH meter, and total organ-ic

carbon, deterwined with a Beckm•u i.odl 91SA TOC analyzer.

3.1.3 C!aRlinx Data

Iowa Army Ammunition Plant

At IAAP, pollution abatement is practiced by passing shell

washout and housecleaning wcmtewaters through diatomaceous earth fil-

ters and carbon columns before d&..,harge. Wastewater samples were

collected at points before the carboa column (influent) and immediately

L,



aftez the carbon column (effluent). Tables 1 and 2 present the analyt-

ical results for the influent samples and the effluent samples. respec-

tively. In mome cases, the sauous solubility of TN•T rl ,DX were

exceeded. In these cases, hot aliquots from the sample bottles were

diluted prior to analysis.

In the int.luent samples, the TNT concentration ranged frcm

50.0 to 239 mg/liter, with a mean of 161.3 mg/liter. RDX concentra-

tions ranged from 2i•.8 to 373 mg/liter, with a mean value of 80.5

mg/liter. The TWr/RDX ratio rartged from 1.27 to 3.82, with a mean

value of 2.26.

In the effluent samples, the TNT concentratfoo ranged from

less than 0.05 to 24.3 mS/liter, with1 a mean value of 1.3k mg/liter.

RDX conceatratione ranged from less than 0.1 to 24.2 mg/liter, wit!-, a

mean of 1.53 mg/l~ter. The TNtI/RDX ratios for effluents were derived

from samples that had non-zero denominators. The mathematically

definable ratios ranged from 0 to 2.00 and had a mesn value of 0.5!:

Milan Army Ammunition Plant

At MAAP, munition-containing wastewater is directed to

sumps where the insolub-es settle, and it overflows into a small stream
leaving the plant area. Samples were taken at the sumps of Area D and

at a small bridge crossing the road entrance to Area D. Table 3

presents the sampling data.

From 30 samples, the TNT concentrations ranged from less

than 0.05 to 210 mg/liter, with a mean value of 20.0 mg/liter. In

those samples, RDX concentrations ranged from 0.1 to 109 mg/liter, with

a mean value of 11.9 mg/liter. The TNT/RDX ratios varied from 0 to

2.88, with a mean value of 1.02 for surp effluents.

I 6
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Table 1

COM4BINED I1!FLUEUT DATA FOR IAAP

(Mil1igrams per Liter)

Date TNT/

(1976) Description TNT RDX RDX X0A. N _pH TOC

2/23 Precolumn, Line 2 117 * --. .. . 7.92 -

2/23 Precolumn, Line 3A 87 36 2.42 .. .. 7.85

2/23 Precolimm, Line 1 52 * .. .. .. 8.11 --

3/29 Precoluun, Line 3A 119 39,6 3.01 - -- 7.62 -

4/27 Precolumi, Line 3A 129 41 3.14 5.1 3.3 7.27 --

5/24 Precolumn, Line 3A 219 98.3 2.22 5.8 2.6 7.26

6N24 Precolumn, Line 3A 184 62 2.99 0.6 14.9 7.58

8/5 Precoluun, Line 3A 130 62,7 2.39 0.8 25.8 8.53 78

8/9 Prec-lumn, Line 3A 91 23.8 3.82 1.2 31.5 7.82 63

8/9 Precolumn, Line 3A 190 50 3.80 2.9 48.6 8.11 103

8116 Precolumn, Line 3A 208 95.4 2.18 0.87 26.0 7.73 107

8/16 Plecolumn, Line 3A 206 133 1.55 2.0 27.1 7.68 107

8/19 Precolumn, Line 3A 230 149 1.54 0.87 36 7.79 138

8/18 Precolumn, Line 3A 124 55.1 2.25 0.57 26.1 7.93 60

8/20 Precolumn, Line 3A 50 35.1 1.42 0.29 34 8.00 37.5

8/23 Precolumn, Line 3A 103 60.8 1.69 0.95 39 7.83 67.5

8/25 Precolumn, Line 3A 245 112 2.19 0.89 31 7.80 116

8/27 Precoltium, Line 3A 259 139 1.86 2.3 16 7.15 99

8/30 Precolumn, Line 3A 220 173 1.27 1.9 17.5 7.60 106

9/1 Prec lumn, Line 3A 217 154 1.41 2.2 16.0 8.15 106

8/27 Precolumn, Line 3A 208 89 2.34 2.0 35.5 7.98 106

8/27 Holding Tank 203 81 2.51 2.0 24.0 E.04 108

9/3 Line 31, Column 21 55.4 30.9 1.79 0.23 10.0 8 9 43

9/7 Line 31, Column 21 123 87.6 1.40 0.55 1. ' 87.6

• Less that 0.1 mg/liter.

-Not Jetermined.

7
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Table 2

CO,•BINED EFFLUENT DATA F0I, IAAP

(Milligrams per Liter)

Date TNT/
(1976) Description TNT RDX RDX N02 - _N~j _H TOC

2/26 Carbon column,
Line 2-14 10 8.36

2/06 Carbon colmn,
Line 3A-19 24.3 24.2 1.00 -- - 7.55 -

2/26 Carbon column,
Line 1-5 ** * -. .. 7.85 -

3/29 Carbon column 0.1 * .. . . 7.40 -
4/26 Carbon column,

Line 3A 0.3 * -- 1.8 9.5 7.32 -
5V25 Carbon column,

Line 3A 0.5 1.1 0.45 3.6 5.4 7.36 -
6/25 Carbon column,

Line 3A 0.3 * - 9.2 3.1 i.07 -
8/5 Carbon column,

Line 3A ** * - 2.06 23 8.87 <1
8/9 Carbon column,

Line 3A ** * -- 1.6 17.7 8.36 <1
8/9 Carbon column,

Line 3A ** * - 2.0 25 8.54 <1

8/12 Carbcn column,
Line 3A 0.85 * - 2.3 22.2 8.05 4

8/16 Carbon column,
Line 3A 0.23 1.1 0.21 1.4 25.5 7.64 4

8/16 Carbon column,
Line 3A 0.93 1.3 0.71 1.1 24.2 7.31 4.5

8/19 Carbon column,
Line 3A 0.3 2.2 0.14 0.89 22.0 7.80 2

8/18 Carbon column,
Line 3, 0.15 0.9 0.17 0.92 5.4 8.12 <1

8/20 Carbon column,
Line 3A 0.3 0,6 0.50 <0.01 10.0 7.68 3

8/23 Carbon column,
Line 3A ** 0.5 - 2.8 9.0 7.96 7.5

8/25 Carbon column,
Line 3A ** 1.7 19.0 7.97 8.0

8/27 Carbon column,
Line 3A 0.45 * - 2.5 8.4 7.48 9

8/30 Carbon column,
Line 3A ** 1.6 - 3.4 10.7 7.93 7

9/1 Carbon column,
Line 3A 0.15 * -- 4.1 20 8.22 9

9/7 Carbon column,
Line 3A ** * - 1.7 4.0 R.00 Y

9/3 Carbon column,
Line 3A 6.2 0.1 2.00 0.25 6.0 8.11 4

*Laos than 0.1 mg/liter.
**Les. than 0.05 ag/liter.

-Not determined. 8



Table 3

COMBINED SAMPLING DATA FOR MAAP

(Milligrams per Liter)

Date Location/ TNT/
(1976) Description TNT -RDX RDX N02- N0- pH TOC

2/25 Presump, Line D41 80.5 28 2.88 .. .. 6.39 --

2/25 After sump, Line D41 70.6 38 1.86 .. .. 6.52 --

2/25 Plant D discharge 27.4 19 1.44 .. .. 7.02 --

2/25 Plant X discharge 1.1 5 0.22 .. .. 6.75 --

4/26 Plant X discharge 0.1 * -- 0.1 4.2 5.82 --

4/26 Plant D discharge 0.7 2.0 0.35 0.7 5.2 5.00 --

6/24 Plant X Bldg. 41 25.5 15.4 1.66 0.05 8.8 6.31 --

6/24 Plant D, sump 2.4 3.2 0.75 0.05 13.3 6.13 --

7/26 X-41-Cleaning 210 109 1.93 0.2 130 6.90 122
7/25 X-41-Comp B 1.7 1.3 1.31 * 5.7 6.19 < I
7/26 X-41-Washings 117 48.2 2.43 ** 680 6.25 71
7/26 X-41-Kettle cleanup 5.6 9.6 6.58 ** 4.6 6.95 1
7/28 X-41-Comp B *** 1.4 -- * 6.1 6.40 < 1
7/30 X-41-Comp B 0900 6.3 3.6 1.75 ** 6.8 5.90 3
7/30 X-41-Coamp E 1000 4.1 5.2 0.79 ** 6.2 6.12 1
7/30 X-41-Comp B 1100 *** 0.5 -- 0.04 6.4 6.17 < 1
8/2 X-41-Coamp B 0900 4.6 4.7 0.98 ** 7.4 6.90 3
8/2 X-41-Comp B 1000 ** 1.6 -- 0.06 7.0 7.28 < 1
8/5 X-41-Comm B 1000 0.8 0.7 1.14 ** 6.1 6.19 < 1
8/26 Line X effluent 5.7 4.2 1.36 ** 9.0 6.90 3.5
8/26 Line D effluent 2.3 5.6 0.41 ** 9.4 7.53 3.0
9/13 X-41 eff1-ent 5.3 6.1 0.87 ** 4.2 6.20 4.5
9/14 X-41 effluent 5.3 3.8 1.39 * 8.2 6.87 3
9/15 X-41. effluent 6.7 8.7 0.77 ** 10.2 6.51 6
9/16 X-41 effluent 6.3 7.5 0.84 ** 10.0 6.03 6
9/17 X-41 effluent 6.8 5.8 1.17 ** 7.9 6.52 3
8/20 X-41 effluent 4.4 ,4 1.29 0.02 10 7.50 7
8/23 X-41 effluent 1.6 2.6 0.62 0.04 8.6 7.31 6.5
8/24 X-41 effluent 3.8 3.7 1.03 0.06 8.6 7.41 6.5
8/25 X-41 effluent 3.4 4.1 1.32 ** 9.6 7.26 4.5

*Lems than 0.1 mg/liter.

**Lems than 0.02 mg/liter.

**% .Ls than 0.05 mg/liter.

-- Not determined.
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Louisiana Army Ammunition Plant

LAAP directs its wastewaters to sumps. During the

sampling period, the sump effluents wer trucked from the sumps to

lagoons. Photolytic decomposition of TNT and RDX occurs in the

lagoons, and the environment may become contaminated during extremely

heavy rains when the lagoons overflow. Table 4 presents the data on

the four samples obtained at LAAP from sump and lagoon locations.

In the samples, the mean TNT/RDX ratio was 1.83, whereas

the lagoon samples had a mean ratio of 0.39. This indicates that

TNT has a greater photolytic reactivity than RDX and that the TNT/RDX

ratio is dynamic.

Lone Star Army Ammunition Plant

LSAAP handles its wastewaters similarly to LAAP, usIng
sumps and lagoons. Table 5 presents the data on the several samples
taken from the lagoons and from areas around the lagoons. (LSAAP was

not operating during the sampling period, so these data were not

included in the formulation of TNT/RDX ratios.)

3.2 Establishment of a TNT/RDX Ratio

As TNT and RDX are discharged into the environment, the ratio of

the two components becomes highly dynamic, principally because of the

high photochemical reactivity of TNT. Therefore, such factors as the

time of day or year and intensity of sunlight influence the ratio

greatly.

For initiation of the toxicological evaluations, a ratio was

selected that would represent the worst condition--nc pollution abate-

ment before wastewater discharg,.. This condition is represented by

IAAP influent, MAAP sump effluent, and LAAP sump effluent data.

Averaging of these data resulted in the establishment of a

10
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Table 4

COBINED SAMPLING DATA FOR LAAP

(Milligrams per Liter)

Datea TNT/
(1976j Location TNT RrX RBX NO2- pH TO_

2/26 Ditch runoff from
Red Water Lagonm * .,* .. .. .. 7.51 --

2/26 Lagoon - red water 26 35 0.74 .. .. 8.18 --

2/26 q',mnp - malt and
pour fecility 78 34 2.29 7.82

2/26 Road ditch near melt
and pour facility 1 6 0.17 .. .. 8.78 --

5/24 Active pit 30 102 0.29 25.3 7.8 7.81 --

5/24 S-Line 201 11,2 1.78 19.3 150 7.54 --

5/24 Healthy pit 1.1 2.8 0.39 0.5 15.4 7.85 --

6/24 Active pit 43 9 85.5 0.51 0.7 110 8.25 --

6/24 Sump Line S 275 189 1.46 12.2 221 7.94 --

8/216 Pond S - no' rain f.7 82 0.03 6.9 56 8.35 135
8/26 Line 5 sump 123 68 1.80 102 39 7.75 77

*Less then 0.05 mg~liter.
**Less than 0.1 mg/liter.
-- Not determined.

Table 5

COMBINED SAMPLING PATA FOR LSAAP

(Milligrams per Liter)

Date TNT/
(1976) Location TNT RDX RDX N02- NO- pH TOC

2/25 Sump effluent, Area 0 116 82 1.41 .. .. 7.46 --

2/25 Settling pond, Area 0 1.4 16 0.09 .. .. 7.24 --

2/25 Surface drainage at
6th St. * 5 .. .. .. 6.78 --

2/25 Second settling pond 0.1 13 0.01 .. .. 6.10 --

4/28 Settling pond, Area 0 5.1 10.3 0.49 3.2 25 7.13 --

4/28 6th St. discharge * ** -- 0.1 3.8 6.60 --

*Less than 0.05 mg/liter.
**Less than 0.1 mg/liter.
-.- Not determined.
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representative TNT/RDX ratio. From the data points in Table 6, a mean

ratio value was determined to be 1.62 with a standard deviation of

0.90. The coefficient of variation for the ratio was 0.55.

3.3 Analysis of TNT/RDX Mixtures in Feed for Toxicological Evaluation

To assure for the toxicity evaluations that animal diet prepata-

tions were mixed correctly and that TNT/RDX concentrations were admin-

istered at the correct dosing levels, analytical methods were developed

to determine TZi' and RDX in animal feeds. The procedure established

was found to work satisfactorily.

To 10 g of feed containing TNT and RDX was added 50 ml of dichloro-

methane, and the suspension was stirred for 30 min with a magnetic

stir-bar. The suspension was filtered through a pad of Celite, and the

filtrate was passed through a 2-inch column of Florisil that had been

deactivated with 5% water. (The Florisil must be deactivated with

water before the complete recovery of RDX can be attained.) The

column was washed with 100 ml of dichloromethane, and the extracts

were rotary evaporated to dryness. The residue was taken up in ethyl

acetate and quantified by reverse-phase hplc as described in Section

3.1.2. The recovery of both compounds was 99%.

For determination of the stability of TNT and RDX in feed, stock

feed diets were analyzed weekly for 4 weeks. At the end of that period,

a greater than 95% recovery of both TNT and RDX was achieved.

12
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Table 6
DATA POINTS USED TO ESTABLISH A REPRESENTATIVE

TNT/RDX RATIO
Date r/!

(1976) AAP TNT/RID1
8/5 IAAP col. infl. 2.39
8/9 IAAP col. infl. 3.82
8/12 IAAP Col. infl. 3.04 i
8/16 IAAP col. infi 2.18
8/16 IAAP col. infl. 1.55
8/19 IAAP col. infl. 1.548/18 XAAP col. infl. 2.25
8/20 IAAP ccl. infl. 1.42
8/23 IAAP col. infl. 1.69
8/25 IAAP col. infl. 2.19
8/27 IAAP col. infl. 1.86
8/30 IAAP col. infl. 1.27
9/1 IAMP col. infl. 1.41
8/27 IAAP col. infl. 1.79
9/3 IAAP col. infl. 1.40
2/23 IAAP col. infl. 2.42
6/24 IMP col. infl. 2.99
4/27 IAAP col. infl. 3.14
5/24 IAAP col. infl. 2.23
3/29 IAAP col. infl. 3.00
2/23 IAAP col. infl. 2.34
7/26 MAAP sump effl. 1.93
7/26 MAAP sump effl. 1.31
7/26 MAAP sump effl. 2.43
7/26 MAAP sump effl. 0.58
7/28 YAAP sump effl. 0
7/30 MAAP sump eff1. 1.757/30 MAAP sump effl. 0.79
8/2 MAAP sump effl. 0.98
8/5 MAAP sump effl. 1.14

/115 MAAP sump effl. 0.77
9/16 siMP Bump effl. 0.84
9/17 MAAP sump effl. 1.17
9/13 MAAP sump effl. 0.87
9/14 MAAP sumn effl. 1
8/26 MAAP sump effl. 1.
8/26 MAA• sump effl. 0.4±
6/24 MAAP s9mp effl. 1.66
2/25 MAAP sump effl. 1.86
8/20 MAAP sump effl. 1.29
8/23 MAW' sump effi. 0.62
8/24 MAAP sump effl. 1.03
8/25 MAAP sump effl. 1.32
2/26 LAAP sump 2.29
5/24 LAAP sump 1.78
6/24 LAAP sump 1.46
8/26 LAAP sump 1.80
mean 2 - 1.62; SD a - 0.90; Coeff. Var. *!I - 0.55.
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3.4 Preparation of Pliotolyzed TNTIRDX Residues

S. LAP wastewater photodegradea in sunlight producing--and introduc-

I t ing into the environment--a complex mixture of components. Evaluation

of the toxicological properties of this mixture required the development

cf laboratory methods that approximate sunlight conditions to produce

photoirradiated residues and to assess the effects of photoirradi-' ion

as a function of time.

3.4.1 Analytical Methods and Sample Profiling

TNT and RDX concentrations iYere determined by reverse-phase hplc

as described in Section 3.1.2. To profile the photolysis products,
the photolyzed solutions were acidified to pH 1 and extracted twice

with diethyl ether. The ether extracts were combined, dried over

anhydrous sodium sulfate, and concentrated by rotary evaporation. The

entracts were then chromatographed under the following conditions:

* Instrument: Spectra-Physics Model 3500B Liquid Chromatograph.

Column: 1/4 inch x 30 cm v-Porasil (Waters Assoc.).

* Solvent: (A) Hexane; (B) CH2 Cl2 /CH,OH/isopropyl alcohol
(79/15/6, by volume).

* Gradient: 5% (A) in (A) 4-mln delay; program to 94% (B) in. (A)
in 76-min sweep time using a linear gradient program.

* Flow rate: 1.2 ml/mln.

* Detector: uv at 254 tun.

To prevent the chromatographic trace from offscale deflection due

to the change in aolvent gradient, a duplicate column was placed

parallel with the worktng column. The solvent line wa s plit before

the injector to run solvent to the duplicate column and through the

reference cell of the detector. By this technique, baseline drift was

kept to a minimum.

3.4.2 Pheitolytic Methods

A flow-through photolytic reactor was designed to prepare TNT/RDX

ppbotoirradiated residues for toxicological evaluation. Figure 1 is a

14



PRESSURIZED
AIR

COOLING
WATER OUT

I QUARTZ
I~i LLI'(Lined with

A-;-4.... *Iuminum foil)
1200 WATT -4,

Hip LAMP' 4;

I PYREX GLASS

-- TUBIING

i PHOTOLYZED

COOLING
WATER IN

FIGURE 1 DIAGRAM OF FLOW-THROUGH PHOTOLYTIC REACTOR

15



diagram of the reactor system, The reactor is a quartz itnersion well

reactor containing a Pyrex glass coil around the lamp well. Pyrex is

used to filter out wavelengths below 294 nm and pass wavelengths above

294 nm, which approximate sunlight. The light source is a Hanovia

1200-watt, medium-pressure mercury lamp operating at 310 volts. The

lamp is cooled by pressurized airflow, and the reactor and Pyrex coils

are cooled by tap water entering at 220 C and exiting at 280 C, at a

flow rate of 6 liters/mmn.

TNT/RDX solutions are pumped at controlled flow rates using a

Masterflex pump, and Viton tubing is used throughout because of its

low absorptive properties. The solution is introduced at the top of

the reactor to sweep precipitate materials from the Pyrex surfaces.

For the laige-scale production of photolyzed materials, four

reactors were placed in a series, and solution flow rates were increased

by a factor of 4. Cooling water was introduced into each reactor

individually. To conserve water, we ased a 10-gallon water chiller

equipped with a 1-ton condenser unit, and water was recycled via sub-

mersible pumps. This unit was suitable for cooling two reactor units,

and tha remaining two reactor units were cooled by tap water.

3.4.3 Laboratory and Sunlight Photolysis

For comparative studies in natural sunlight, TNT,/RDX solutions

were placed on a rooftop in a glass crkstalliting dish (90 x 100 mm)

covered on all sides so that light could enter the solution only through

the surface. The solution was stirred with a magnetic stir bar. These

enperiments were performed on wsam summer days in June and July at

3RI's headquarters in Menlo Park, California.

The rooftop studies were performed to generate chromatographic

profiles that could then be compared with chromatographic profiles

generated by the laboratory reactor system. These rooftop studies

showed that TNT photodecomposition followed zero-order kinetics and

..... .16



was independent of RDX. However, the rate of photodecomposition of RDX

was highly dependent on the prtsence of TNT. Figure 2 illuetrates the

changes in concentration of TNT and RDX as a mixture and alone with

exposure to sunlight. RDX photodegraded approximately five times faster

in the absence of TNT. Possible explanations for this are that, in the

TNT/RDX mixture, RUI cannot compete successfully for the lighc or that

photolytically excited states of RDX are quenched by TNT and its

photoprodu'tts.

As shov-'i in Figure 3, the photodegradations of TNT and RDX in the

laboratory flow-through reactor depended on flow rate (residence time)

and increased rapidly at low flow rates (100 to 10 ml/min). The

relative degradation rates of TNT and RDX approximated those of the

components alone in sunlight.

To assure that the mercury lamp photolysis was yielding a similar

distribution o' 'NT/RDX photoproducts as sunlight, chromatographic

profiles of i ip and laboratory photolysis for similar levels of

TNT photodegrad 'on were compared using normal phase hplc (Section

3.4.1). Figure 4 presents the chromatographic profiles for the mercury

lamp and sunlight p1-'tolyses at 99% TNT photodegradation. This end

point was selected as a "best-case" condition 1ased on previous toxi-

cological dataS L showed acute toxicity (to both mmmals and fish)

decreased as a function of photolysis. The profiles match closely,

indicating that light from the mercury lamp filtered through Pyrex is a

reasonable approximion of photolysis by sunlight for TNT/RDX mixtures.

Components in the profile were tentatively identified (see Figure 4) by

comparison of their retention times with those of known standards.

3.4.4 Establishment of a Photoirradiation End Point

Once the artificial light source and flow through reactor system

had been developed, the next task was to determine a flow rate through

the reactor that defined the TNT and RDX concentrations at a selected

end point. This would yield a chemical and point that could be

17
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reproduced should any variations In flow rate or in light intensity

In the reactor lmp occur.

The asiection of the end point was based on the response of

the water flea (Daphni maema) to flow rate through the reuctor

(photolytic degradation) in "flow-versus-toxicity" studies.6 An end

point was defined as the flow rate at which P stable toxicological

responsoi was obtained. Table 7 lists the TNT and RDX concentrations

for different flow rates and the 48-hour EC•5O values for Daphnia magna

at each flow rate. From these data, photoirradiation and points were

selected to be at TNT concentration levels of 0.1 mg/liter (± 100Z) and

at RDX concentrations of 2.3 mg/liter (k 1002).

Table 7

ACUTE TOXICITY TO DAPHNIA MAGNA OF SYNTHETIC LAP
WASTEWATER PHOTOIRRADIATED AT DIFFERENT FLOW RATES

Flow TNT RDX EC5O
(mi/min) (ml/liter) (mg/liter) (ma/liter)

99 1.27 12.9 15.0
73 0.45 10.5 22.6
53 0 9.3 27.1

34 6.5 >28.2

18 2.3 >28.2

10 0. L. 0.07 >28.2

5.4 0.01 0.003 >28.2

0 32.0 20.2 --
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3.4.5 Preparation of Photoirradiated Materials for Toxicological
Evaluations

With the chemical end point defined, the following procedure was

used to prepare photoirradiated materials for the malian toxicolog-

ical evaluations:

Solutions of TNT and RDX were prepared individually in 55-gallon

drums with polyethylene liners, and their respective concentrations

were monitored by hplc. Then 'he solutions were combined to give a

TNT/RDX ratio of 1.6/1.0 in another 55-gallon drum. TNT concentrations

averaged 32 ppm, and RDX concentrations averaged 20 ppm. The combined

solution vas pumped through the four-unit photolytic reactor system at

60 to 100 ml/min. The photolysate was collected in a 55-gallon drum

and acidified to pH 1.5; 3-liter portions were extracted with 1-11ter

portions of diethy!. ether. The ether extracts were combined and rotary

evaporated for removal of the majority of the ether. The remaining

extract was frozen in dry ice/acetone and lyophilized to a brown

residue. This residue contained. 10% RDX and 0.321 TNT.

For aquatic toxicological evai ýstioux, the photolysate was used

directly as an aqueous solution: frm the :-eactors.

When this reactor system is used vitb chemical photolysis end

points oi 0.1 ppm TNT ± 100% and 2.3 ppm RDX ± 1002. approximately 4

hours of irradiation time is necessary to -roduce 1 g of material.

3.5 Identification and sm~lnnt of Condelnate Wastevater Components

3.5.1 Source

This study entailed the sampling and analysis of wastewaters

generated during the production and purification of TW" at Volunteer

Army Ammunition Plant (VAAP) in Chattanooga, Tennessee. All wastewaters

produced at VAAP are concentrated by evaporation. The condensate of

the evaporative process is diucharged from the munition facility without

the application of further pollution abatement procedures except for pH

control sad dilution from other industrial cterations.
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The evaluation of this vastewater, called "condensate vastevater,"

enoompassed the Identification of comn.onents in the discharge, quanti-

fication of the identified components, and development of a represen-

tative ratio of discharged components based on sampling studies over

a 12-mouth period. Also incorporated into thin sampling program were

sampling data taken concurrently by the Naval Surface Weapons Center

(OSUC) under the direction of Dr. N. 3. Burlinson.

3.5.2 Analytical Methods

The analysis of condensate wastevater samples was performed by

gas chromatography (gc). In the early stages of the sampling program,

only major components were identified and quantified in the chromato-

graphic profile. As the identifications of minor components were

confirmed (through laboratory synthesis of authentic compounds),

quantitative data for these components vere also generated. In the

final stages of the sapling program, glass capillary gc was used to

resolve the complexity of condensate mixtures, as described in the

appendix.

Condensate samples wmre analyzed for pH, nitrite, Oitrate, and

total organic carbon according to the methods described in Section

3.1.2.

Diethyl ether extracts of condensate wastevater that had been

dried over anhydrous sodium sulfate and concentrated by rotary evapora-

tion were analyzed under the fnlloving gc conditions:

"* Instrment: Hewlett-Packard Model 5711 Gas Chromatograph.

"* Colum: 6' x 1.3 -m ID glass column packed vith 102 DC-200
on 80/100 mesh Gas Chron Q.

"* Temperature: 105 to 200" at 4/nuii- column; 300" detector;
on-column injector.

"* Flow Rate: 30 1l/mmn Na.
"* Detection: Flame ionization.
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Quantitation was achieved using the internal standard (benzo-

phenone) method and area response compil.ed by a Hewlett Packard 3380

integrater-recorder. Figure 5 Is a typical gc profile of a condensate

wastewater extract,

Condensate componeuts were identified using an LKB 9000 gas chro-

matugraph/mass spectrometer (gc/ms) equipped with a PDP-12 computer.

Mass spectral data were stored on magnetic tape and re alled to confirm

identifications of new samples. A 10% DC-200 column was used to

parallel uhe quantitative analysis repo:ts and to assure chat peak

identifications in this phase were correct.

3.5.3 Identification of Condensate Components

The organics in condensate wastewater are steam distillates

resulting from the evaporative process. These organics are sometimes

overshadowed by "red water" components (resulting from the Seilite

process) that infrequently arise from a "bumping over" of the pot

residue.

Since the components of condensate wastewater are somewhpt vola-

tile, gc/ms was used extensively for their identification. Identifi-

cations were confirmed by comparing the data derived with those for

authentic samples obtained from commercial sources or synthesized

at SRI. Exhibit A lists those compounds identified in VAAP condensate

wastewater by SRI and NSWC.

Toluene is the basic starting material in the synthesis of TNT, so

its presence in discharged wastewaters was not unexpezted. The source

of N-nitrosoxtorpholine (I) is unclear. However, morpholine was identi-

fied as being an industrial water additive in Betz NA-7 used at VAAP.

Because nitrite and acid (yellow water) are generated at various points

in the process screams, .he potential for N-nitrosation to occur at

munition faciLitios is hb, ". 1).
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Exhibit A

COMPOUNDS IDENTIFIED IN CONDENSATE WASTEWATER

Toluene 1, 5-Dimethyl-2 ,4-dinitrobenzene CXXVII)

N-Nitrosomorpholine (I) 1,3,5-Trinitrobenzene (XV)

N-Morpholinoacetonitrile (-II) 2,4 ,6--Trinitrotoluene

2-Nitrotoluene 2,3 ,6-Trinitrotoluene (-XL)

4-Nitrotoluerie 3-Asnino-2,4-dinitrotoluene (-XX-II)

3-Me thyl-2-ni~trophenol (VI) 4-Amino-3 ,5-dinitrotoluene (-IV)

5-Methyl-2-nitrophenol (-VI-I) 3-Amino-2 ,6-dinitrotoluene (-XX-)

3-Nitrobenzonitrile 4-Amino-2 ,6-dinitrotoluene

4-N1 trobenzonitrile 2--Ainino-4 ,6-dinitrotoluene

1,3-D'-itrobenzene (XIV) 5-Amino-2,4-dinitrotoluerie (-IX)

2, -livi~trotoluetie 3,5-Dinitroanilir~e

2,5-Dinitrotoluene (XXIII) 5-Me thyl-2 ,4-dinitrophenol

2,4-Dinitrotoluerie 2-Amino-3,6-dinitrotoluene (XXII)

2, 3-Dinitrotoluene (XIX)

3,4- Dinitrotoluene (-I

2,-Auinonitrotoluene

2-Arino-6-nitrotoluene (I

4-Amino-2-n :trotoluene (XTI)

3-Aznino-4-nitrotoluene (XIII)
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+ (1)-

0H
N-0

I

The source of W-morpholinoacetonitrile is also unclear. However,

compounds possessing the structure of II have been reporteds to be

effective algicides, so N-morpholinoacetronitrile may arise from the

decomposition of such analogs when used as water additi',es.

0
II

NwC-CM-C-NHR N&CCH2

N. 0 0 (2)
II

TLo of the t1,ree isomeric uononitrotoluenes were observed, as were

all six isomeric dinitrotoluenes. All these compounds are expected

nitration products of toluene, except for 3,5-dinitrotoluene (I.II),

which may arise from the diaxotization and decomposition of 4-amino-

2,5-dinitrotoluene (IV) in water (Eq. 3) (see Section 3.7).

CH, CHS
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The nitrophenols may result from the nitration of 3-methylphenol

(V) to yield 3-methyl-2-nitrophenol (VI) and 5-methyl-2-nitrophenol

(VII) (Eq. 4) end a dinitration product, 2,4-dinitro-5-methylphenol

OH OH OH OF

0 NO, + O (4)

CH, CRS HCI H

NO2

V VI VII VIII

(VIII). Compound VIII was also found in the synthesis of 5-amino-2,4-

dinitrotoluene (IX) from 2,4.5-trinitrotoluene (X) and may result in

condensate wastewater by this route (Eq. 5).

NO2 NO, NO,10

HZO + (5)
02N H, .HO

NO, NO, NO2

x IX

The aminonitrotoluenea [2-amino-6-nitrotoluene (XI), 4 amino-2-

nitrotoluene (XII), %nd 2-amino-/-nitrotoluene (XIII)] may be microbial

reduction products of the two major dinitrotoluene icomers, 2,6- and

2,4-dinitrotoluene (Eq. 6). The microbial reduction of aromatic nitro

groups has been shown to be a predominant pathway in the biodegradation

li 0N ~HS 2 Cus
OaN NNO NOa ,r _ T ]

Reduction LJ + (6)

NaOa NH, NO,

XI XlI XIII
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of selected pesticides6,' Although these components were observed in

a few samples, their formation may depend on their residence time in

settling ponds before their transfer to the evaporators.

The aminodinitrotoluenes may be produced by nucleophilic substitu-

tion of ammonia on isomeric trinitrotoluenes. The characteristics of

the major TNT isomers resulting from TNT production correlated with

those of the major aminodinitrotoluene isomers found in condensate

vistewater. Figure 6 sumnarizes these reactions. Microbial reduction

does not appear to be responsible for these compounds (except possibly

for 2-amino-4,6-dinitrotoluene) since their distribution in the

sampling program was predictable.

Two nitrated benzenes were observed--1,3-dinitrobenzene (XIV) and

1,3,5-trinitrobenzene (XV). These compounds may arise from the nitra-

tion of benzene or through decarboxylation of their corresponding

acids (Eq. 7).

CH, COOH

NO, 0 2

NO2 NO N0

XIV

(7)
CRS COOR

OoN NO _ oN No, 021 Nos

NO, NO. NO,

XV
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IN CONDENSATE WASTEWATER
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Except for the effect of nitrating reagents on water additives,

finding many nitrcaromatics in the condensate discharge was not sur-

prising. Higher specifications for the purity of toluene used in the

process may reduce the formation and outflow of several products,

but the majority of the products probably are unique to the present

manufacturing conditions and may only be eliminated by major changes

in the manufacturing and purification processes.

3.5.4 Sampling Data

The data reported here are the combination of analyses performed

by SRI and NSWC from 25 February 1976 to 22 January 1977. Samples were

collected as described in Sectiv 3.1.2. The SRI data are listed in

Table 8, and the data from NSWC are listed in Table 9 and reflect the

observed concentrations (mg/liter or ppm) of those compounds listed

in Exhibit A.

Mass spectroscopy was used to quantify the aminonitrotoluenes

because these co-,,© •uts were underlying peaks of major components.

Using selective no" ;nitcr" g, we found that 2-amino-4-nitrotoluene,

4-amino-2-ni ' uene, ,.n. 2-amino-6-nitrotolue-ae were present in

Sample 61 at 0..>` ppm, 0.08 ppm, and 0.02 ppm, respectively, and in

Sample 65 at 0.02 ppm, 0.03 ppm, and 0.02 ppm, respectively.

Table 10 lists the values for pH, nitrite, nitrate, and total

organic carbon obtained for the samples listed in Table 8.

3.6 Establishment of .,; v.•.nt.' . Aischarge Ratios for Condensate

The sampling data were highly variable, showing no consistent

pattern of component outflows by vi inspection or by mean value

of determinations. Since the obje • was to eatermine a represen-

tative distribution of component concentrations in a discharge, we

applied cluster analysis of the data points using a computer program

developed at SRI for handling multivariate data.
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Essentially, this clustering program is a multivariate extension

of the process of graphing data cases with two variables and pictorially

dividing tila data into clusters on the basis of proximity. The mean

for each of the two variables is computed and represented graphically.

The data case furthest from the mean starts a second cluster, the first

cluster containing all the remaining data points. The criterion for

allocation of all further cases is the total error--the sum of distances

squared from each data case to the cluster mean of the cluster to which

it is assigned. This procedure of minimizing total error is designed

to minimize distances within clusters and maximize distances between

clusters.

Each data case from the first cluster is sequentially moved into

the second cluster, which initially contained only one case. The

cluster means and toeal error of the two clusters are computed after

the move, and the case is returned to the first cluster After total

err is computed for all data cases, the data case, if any, for which

total error is minimum and leso than the total error with only one

case in the second cluster is now assigned to the second cluster. Data

cases are added to the second cluster in this manner. When the total

error can no longer be reduced by addition of a data case to the second

cluster, the point furthest from its cluster man is designated to

start a third cluster. All data cases from the first and second clus-

tor are tested for reduction of total error by being mowed into me of

the two other clusters, as above. This process is repeated until some

preselected mazimum number of clusters has been obtained. The 'er

of clusters actually used for analysis is chosen bF the program user.

Using 17 variables (major components plus pI. nitrite, nitrate,

and TOC) from 45 condemaate samples in Table 8, the clestertag analysis

was perftotmad. At five clusters, the data were divided into twe major

clusters consisting of 18 eomple each and t as malm clusters. Table

11 shows the reprmmsataive perowmqe of the distribution of ree
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described in each of the major clusters and the average perceatage of

distribution determined from the two clusters.

Table 11

RELATIVE PERCENTAGES OF CONDENSATE COMPONENTS
DERIVED FROM COMPUTER CLUSTERS

Cluster I Cluster 2

Condensate Component __ P 2 A .3)(%
1,3-Dlnitrobenzene 1.09 9.1 2.9 11.2 10.2

2,6-Dinitrotoluene 2.66 22.2 5.98 23.1 22.7

2,5-Dinitrotoluene 0.1 1 0.3 1 1.0

2,'.-Dinitrotoluene 5.3 44.2 13.7 52.9 48.6

3.4-Dinitrotoluene 0.2 1.7 0.54 2.1 1.9

2,3-Dinitrotoluene 0.4 3.3 0.53 2.0 2.7

2,4.6-Tinitrotoluene 0.5 4.2 0.54 2.1 3.2

4-Aaino-2.b6--initroto!uene 0.34 2.8 0.26 1 1.9

X-Xitrosoworpholine 0.1 1 0.13 0.5 0.7

0.24 2 O,24 !

I-Amin,-2,•-dinitrotoluene 0.78 6.5 0.31 1.2 3.9

ý-Amino-2.6-diwiitrotoIuene 0.14 1.2 0.27 1 1.1

5-Aminoi-2.4-dliwitrtrltoluene 0.15 1.3 0.18 0.7 1.0

As more data becom available for the minor components, these

data weve combined with the data provided by NSWC (Table 9), and the

U.S. Axmy Wadical Bionsluseeriag I esnarch and Development Laboratory

doevloped a represeatative percentage of distributiou of condensate

copoents,. as haurn in Table 12. This was accomplished by taking the

90th erceuttlie concentration of thorn compounds that appeared in at

last 102 of the samples and dividing that number by the sum of the

camcentrations of all other camp eato. For those compounds that did

mot have a som-zero 90th percentile concentration, a mean non-zero

concentration was determined and it was then divided by the sum of the

concentrations of the other components,
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Table 12

90TH PERCENTILE CONCENTRATIONS AND RELATIVE

CONCENTRATIONS DETERMINED FOR CONDENSATE COMPONENTS

90th Percentile Relative

Concentration Concentration

Condensate Component (mg/liter) W_ [
Toluene 0.200 0.590

2-Nitrotoluene (NT) 0.030 0.089

4-Nitrotoluene 0.100 0.295

3-Nitrobenzonitrile* 0.013 Q U 5

4-Nitrobenzonitrile* 0.009 0.027

2-Amino-4-NT 0.033 00.097

2-Amino-6-NT* 0.010 0.0"

3-Amino-4-NT 0.027 0.080

3-Methyl-2-nitrophenol 0.C12 0.035

5_Methyl-2-nitrophenol 0.032 0.094

1,3-Dinitrobenzene (DNB) 4.000 II.803

2,3-Dinitrotoluene (DNT) 0.400 1.180

2, 4-DNT 14.700 43.377

2, 5-DNT 0.400 1.180

2, 6-DNT 7.300 21.541

3,4-DNTr 0.500 1.475

3,5-DNT 0.520 i.534

•,5-Dinitroaniline 0.058 0.171

1,5-Dimethy!-2,4-DNB (DNX) 0.390 1.151

2-Amino-3, 6-DNT 0.030 0.089

2-Amino-4,O6-DNT 0.020 0.059

3-Amino-2,4-DNT 1.500 4.426

5-Ainino-2,6-DNT 3.2•541

4-Amrino-2,6-DNT 0.6C00 1.770
4-Amiiio-5, 5-DNT 0.200 0.590

5-Ami e-2, 4-DNT 0.700 2.066

2, 4-Dinitro-5-me thylphenol* 0.085 0.251

1;3,5-Trinitrobenzene (TNB)* 0.153 0.451

2,5,6-Trinitrotoluene (TNT)* 0.268 0.791

2,4, 6-TNT u.400 1.390

* Compounds were not presort in 10% of the samples.

Value givep reDresents the mean of the non-zerc values.
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The data in Table 12 represent the relative distribution of com-

ponents to be expected in a condensate discharge at VAAP. Although

these data are derived from a larger data base than those used in the

cluster analysis, the component distribution patterns are similar,

verifying the reliability of the methods.

3.7 Methods for the Synthesis of Condensate Components

Of the 33 compounds identified In condensate wastewater, many

could not be obtained from commercial sources. Therefore, methods

were developed to synthesize these compounds in sufficient quantities

for the mammalian and aquatic toxicological studies.

The procadurc, and synthetic routes for the preparation of both

intermediate and final products are detailed in the following sections.

3.7.1 Pre.aration of 2.3-Dinitrotoluene (XY')

AcO ( NHAC NHAc
NNO2

881 HOAc N02

IXVII

H2A 
c04

XXX XVIII

O-Acetoaoluimide JXVI

Acetic anhydrlde (3000 g, 29.4 mol) was added to a mixture

of 3000 • (20o0 -no) of o-toluidire, 500 ml of water, And 1000 ml of

39
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acetic acid at 40 to 45o over a 1-hr period with ice/water cooling.

The reaction mixture was poured into 20 liters of cold water to precip-

itate the product, which was removed by filtration and dried to yield

3680 g of material (88% yield).

N-Acetyl-2-Amino-3-Nitrotoluene (XVII)

O-Acetotoluimide (960 g, 6.4 mol) was added to a mixture

of 3600 g of 90% nitric acid and 1200 g of glacial acetic acid at 5 to

100. The reaction mixture was stirred at 250 with ice/water cooling

for 3 hr and then poured into 8 liters of ice/water to precipitate the

product. The product was removed by filtration but was dried only with

difficulty; therefore, it was slightly wet when used in the next step.

2-Amino-3-Nitrotoluene (XVIII)

Half the product obtained from the nitration of O-aceto-

toluimide was refluxed in 4 liters of hydrochloric acid for 7 hr,

during which time an additional 600 ml of hydrochloric acid was added.

The hot reaction mixture was poured into 20 liters of cold water to

precipitate the product, which was removed by filtration and dried.

Recrystallization from hot methanol yielded 123 g of product, a 25%

combined yield for nitration and hydrolysis.

2,3-Dinitrotoluene (XIX)

2-Amino-3-nitrotoluene (400 g, 2.6 mol) was added in small

portions to a mixture of 2000 ml of acetic acid, 25 ml of sulfuric acid,

and 600 ml of 90% hydrogen peroxide at 80 to 900. The reaction exotherm

maintained the zempsrature without external heating. After the exotherm

had ceased, 350 ml of 30% hydrogen peroxide was added, and the reaction

was heated to 80 to 9CV tor 3 hr more. The mixture was then cooled and

poured into 9 liters of cold water. The product was removed by filtra-

tion and recryetallized from methanol; 220 g, 46% yield.
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3.7.2 Preparation of 3-Amino-2 6-Dinitrotoluene (XX)

C H3 C H3

02 N N0O2N~ N02

0 KOK
28%

XX

A mixture of 500 g (275 umol) of 2,6-dinitrotoluene and

50.0 g (720 mmol) of hydroxylamine hydrochloride in 1100 ml of 95%

ethanol was placed in a 5-liter flask fitted with a mechanical stirrer,

addition funnel, and thermometer. This mixture was cooled to 5, and

500 ml of methanol saturated with 85% KOH was added dropwise over a

1.5-hr period while the temperature was kept at 5 to 10%. The color

of the reaction mixture turned from white to blue-grey tr reddish brown

as the base was added. When the adction of base was completed,

3000 ml of water was added, causing precipitated KC1 to dissolve and

an organic product to precipitate. After 1 hr, the product was

-.ollected by filtration, washed with water, and dried under vacuum

over P20; wt, 20.4 S. Recrystallization from a hexane-chloroform

mixture O•er charcoal. treatment gave 15.05 g of a yellow crystalline

solid that was identified as 3-amino-2,6-ainitrotoluene by its nmr

spectrum; yield, 28%.

3.7.3 ip_ aration of 3-Amino-2,4-Dinitrctoluene (XXII)

NO N OO 

S 0
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2,3,4-Trinitrotoluene (XXI)

Sulfuric acid (96%, 3000 ml) was cooled to 100, and i00 ml

of 90% nitric acid was added over a 30-sin period while the temperature

was allowed to rise to 500. The mixture was heated to 80%, and 383 g

(2.1 ml) of 2,3-dinitrotoluene was added in small portions at such a

rate that the temperature remained at 80 to 83* without external heating

or cooling. After the addition was complete, the mixture was heated to

95° for an additional hour. The mixture was cooled and poured into

9 liters of ice/water. The precipitated product was removed by filtra-

tion, dried, recrystallized from 1800 ml of methanol, and recrystallized

from 1200 ml of methanol; 177 g, 37% yield.

3-Amino-2,4-Dinitrotoluene (XXII)
Aqueous ammonia (70 ml) was added to a solution of 25 g

(0.11 mmol) of 2,3,4--trinitrotoluene in 250 ml of absolute ethanol

at 650; the addition rate was regulated so as to maintain the 650

reaction temperature without extei al heating or cooling. After the

exotherm had ceased, the reaction was refluxed slowly for 1 hr and then

cooled to 5*. The product wee removed by filtration; 17.2 g, 79% yield.

3.7.4 Preparation of 2,5-Dinitrotoluene (XXIII)

CHs CH3

NI2 HOAc NO20H2 S0 4  0

02 1 H202

XXII!

Into a 12-liter three-neck flank fitted with a thermometer,

mechanical stirier, and drying tube were placed 3600 ml of glLcial.

acetic acid, 100 at of conc. 14IS0,, and 1,)0 al of 30% H0 2. Titse flask

was heated to 680, and 200 g cf 2-aminu,-5-nitrotoiuens in •i000 ml of

hot glacial acetic acid was added in portions so that the temperature

remainsd between 70 and 75" (a water bath wes needed at times). After
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the addition (90 min), 500 ml of 302 H20, was added, and the red-brown

liquid was stirred for 2 hr at 70 to 75*. The mixture was niext poured

into 40 liters of water and stirred for 1 hr. The solid was filtered

and was,66d by stirring with 40 liters of water for 30 min. Crude

product was dried - il vit under vacuum; 192 g, 80% yield. The Mer

spectrum showed a:- _._..ty ,.f 10 to 12%. The recrystallization from

dich~oromet.1vanc'hexaua gave 128.6 g of 100% pure product by gc analysis;

yield, 53.7%.

3.7.5 Preparation of 4-Amino-3,5-Dinitrotoluene (IV) and
3,5-Dinitrotoluene (111)

0 uO N220 HC1L

Kj2~O.r ONIIIhIo 2 61% 0 0N'~O
1 NKHAc ?c NH2 IV

jN :1NO 2

N0 2

3 ,5-Dinitro--N-Acetyl-.-Toluidine (XXIV)

In a three-neck flask equipped with a mechanical stirrer

and thermometer was placad 2.45 liM:r of 90% H•O,; thit was cooled to

10" in an ice bath, and 198 g of N-acetyl p-toluidine was added over

50 miv. With the temperature kept below 15, the reactor was ctirred

for 25 main at about 15. The solution was quenched Into 2 x 4 liter

Erlenmtyer flasks containing crushed ice and was stirred for 1 hr. The

solid was filtered and washed by ottrring with water in 3 x 4 liter

Erleamayer flasks for 20 min. The moist, slightly greenish-yellow

product was :ollected and dried overnight.
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4-Amino-3,5-Dinitrotoluene (IV)

The product obtained from the preceding process was hydro-

lized by treatment with 1.2 liters of 50% H2SO, at 900 for 30 min. The

reaction mixture was cooled and filtered, and the product was washed

thoroughly with water and dried under vacuum; 161.6 gs 61.7% yield.

3,5-Dinitrotoluene (II)

4-Amino-3,5-dinitrotoluene (160 g) was mechanically stirred

with 3.4 liters of abs. ethanol and 900 ml of conc. H2SO, in a 12-liter

three-neck flask; 544 g of NaNO2 was added in portions (3 hr). When

about 120 g of' NaNO2 had been added, the flask was heated to 70°. The

reaction occurred vigorously, causing a strong evolution of gases, and

the temperature rose to 78. The flask was cooled to 60* in a water

bath. During this time, a yellow solid appeared. The rest of the

NaNO2 was added to maintain the temperature at between 60 and 70. The

dense reaction mixture was then poured into 12 liters of water, stirred

for 15 min, and filtered. The solid was washed with 8 liters of water,

filtered, and dried for 6 hr under vacuum; wt, 129.7 g. Recrystalli-

Lation from petroleum ether (60 to 110*) gave 96.8 g of 3,5-dinitro-

toluene; yield, 65.6%.

3.7.6 Preparation of l,5-Dimethyl-2.4-Dinitrobenzene (XXV)

3~ CH3

02

NO 2

m-Xylene (100 g) was added slowly (over 15 min) to 280 ml of 902

HN10, with the temperature kept below 3.. The mixture was allowed to

warm to room temperature. The heat of reaction allowed the reaction

tmpsrature to reach 90', where it remained for about 1 hr; then heat
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was applied to keep the flask at 95" for 5 hr. The orange-red liquid

was poured into 3 liters of ice/water, stirred 30 min, and filtered.

This product tias washed with water, 30 g N&HCOs/500 al RzO, and again

with water and dried overnight under vacuum; Vt, 179.7 g. The gas

chromatogrm showed that the constituents of the product were 302

1, 3-dimethyl-2,4-dinitrobnzene and 70% 1,5-dimethyl-2,4-dinitrobenzene

(column, 10 feet x 1/8 inch; 252 DOW 550 on 100/120 mesh Chromasorb).

The recrysta.lization from 95% ethanol ,' . of greeniah crystals

"98.5 to 992 1,5-dimthyl-2,4-dit-.trobcn.* s,- a p, 91-93; yield, 482.

3.7.7 Preparation of 2-Amino-5.6-Dinitrotoluene (XXIX) and
2-Amino-3. 6-Dinitrotolune (XXX)

Cea CHCs
OUN Oss

0 mUO1roo

10Q) "10 I0).. ..

09 0 OA-0 o Ether 095 5U Co W

go (Ppt) (Soluble)

2-Methyl-3-?Eitroacetanilide (XXVI)

2-Amino-6-nitrotoluene (50 S, 0.329 msol) was suspeuded ia

400 al of glacial acetic acid; the mixture was cooled to 5, and 60 ml

of acetic anhydride containing 0.5 g of 96% sulfuric acid was added in

drops over 10 min. The temperature was vaised to 85" over a 20-sin

period, during which time the desired product separated as a light-tan
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solid. After i0 min, the mixture was cooled to 40* and poured into

1 liter of crushed ice. The light-tan precipitate, 2-methyl-3-nitro-

acetanilide, was filtered, washed with water, and dried under vacuum;

61.0 g; 96% yield.

2-Methyl-3,6-Dinitroacetanilide (XXVII) and
2-Methyl-3 .4-Dinitroacetanilide (XXVIII)

A nitrating solution was prepared by slowly adding 260 ml of

96% sulfuric acid to 152 ml of 90% nitric acid, keeping the temperature

of the mixture below 250. A 420-ml sample of this solution was cooled

to 5, and 60 g of 2-methyl-3-nitroacetanilide was added In small por-

tions over 20 min while the temperature was maintained at 47. After

addition, the temperature was allowed to rise to 15, at which point the

reaction was quenched on 1500 ml of crushed ice. The cream-colored pro-

duct was filtered, washed thoroughly with water, and dried under vacutum;

/0.0 g; 95% yield. This product was a mixture of 2-mthyl-3,6-dinitro-

acetanilide and 2-methyl-3,4-dinitroacetanilide.

2-Amino-5 ,6-Diuitrotoluene (XXIX)

To a 69.G-g sample of a mixture of 2-mothyl-3,6-dinitro-

acetanilide and 2-w-.thyl-3,4-dinitroacet.nilida was added 450 ml of 50%

sulfuric acid. This stirred mixture was heated in a *team bath for 10

min to hydrolyze 2-methyl-3,4-dinitroacetanilide. The mixture was cooled

to 40° and filtered, and the yellow product was dried under vacuwm.

This nroduct was treated with 250 ml of ether to separate 2-mino-5,6-

dinitrotoluene, which is soluble from 2-mwthyi-3,6-dinitroacetntilide.

The filtrate was evaporated to dryness, leaving 2-amino-5,6-dinitro-
toluene that was about 90% pure. Recryettllization from absolute ethanol
yielded 19.4 g of pure product, which was identified by Its vmr spectrum;

35% yield&

2-Amino-36-Dinitotoluenu (=X)

The 2-uothyl-3,6-dinitroacetanilida obtained from the pre-

ceding steps wes plaed in 300 wl of 502 sulfuric acid, and the

stirred mixture was heated at 80 to 900 for 3 hr. The mixture was
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cooled and filtered, and the yellow product was dried under vacuum.

Recrystalliat ion from tbeolute ethanol gave 17.2 g of 2-saino-3,6-

dinitrotoluese, which was identified by its nur spectrum; 312 yield.

3.7.8 Preparation of 5-Aminct-2.4-Dinitrotoluene (IX)

CPS C1%3
IbS°4 OR b8I 3

NOR N 02

24. 5-Trinitrotoluene (XXXI)

A mixture of 355 g of 3,4.-dinitratolue~ne, 3060 ml if 96%

HaSO, and 1150 ml of 902 HNOs was stirred and heated to 80 to 90* for
40 min. The mixture was poured into crushed ice and stirred for 20
min. The solid was filtered and washed by stirring with 30 liters of

water durlnu 1 hr. The crude product was dried unier vacuum. Thi nmr

spectrum showed about 25% imnpurity. After two crystallizations frzm

2 x 5 liters of abs. ethanol, 290 g of pure product with a consisttnt

nor spectrua was obtained; mp, 103 to 1050; 65.5% yield.

,ns 24eDi/niteretoue.e

A mixture of 350 g of 2,4,5-trinitrotoluene and 3.5 liter;i

of abs. ethanol was stirred at 6G° until the solid was completely

dissolved. The liquid was cooled to 157 in a dry ice/acetone bath,
aud 933 ml of 28% NH&OH (d - 0.9) was addcl In poxrtions (160 stin) with

stirring and at a temperature maintdinad at aboiit 15". The solution

turnled green and then dark blue after several portions of MOB were

introducad.
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After the addition, the solution was refluxed for 1 hr and

allowed to stand overnight. During that time, a brownish-black coarse

solid was formed and deposited firmly onto the flask. The solid was

filtered off and dried under vacuum to give a weight of 123 g.

The proton spectrum enabled us to identify it as the

desired product, with 98.5 to 99% purity as shown by Sc. The filtrate

was condensed by distilling the solvent under the pressure of a water

aspirator to 3 liters; this was left to stand over the weekend. An

additional dark-yellow solid was collscted (23%), and its am spectrma

was identical to that of the first product.* Cc showed 6 purity;

total crude product, 146 g; 482 yield. The purification b; adding

hexane to a hot solution of product in chloroform after the cooling

gave a bright-yellow, fine powder that had a purity of 1002 by gc

analysis.

3.7.9 Alternative Method of Preparing S-Amino-2.4-Onaitrotolven

A mixture cf 5.0 g of 2,4-dinitrotoluem (27.4 mmol) sod 5.0 g

of hydroxylamine hydrech).,iride (72.0 imol) in 100 =I of abs. etheaol

was cooled to 5% and 50 al of a solution of 85% UM In sathmol

(saturated at %5*) ks &tided in drops (I hr). The reaction mlxtere

turned from white to blue-greay to red-orown as the W= solution was

added. Near the end of the addition, stirring was difficult becauw

the KC1 that prucipitated had foried har lamps. Wlen the addition of

the K.0I ~an complete, the mixture was stirred at 10' for 30 aft and

1500 ml of water we s d,.d, causing the KCI to dissolve and an orgmaic

product to precipitate. This pzoduct was collected by filtration,

wsia•ed with water, and dried under vacuum over PsOs; Vt, 3.77 S.

*The filtratu of thb secoW crop vas unintentionally left uncoverod for

several days. Th. solvent evaporated, leavin•g c€rse yellow-brown

nsedl!s that caumcA laboratcry persomel to c*agh snd sneere. The con-

pouad was laIse purified by dissolution in water wd extraction vith

chloroform and vas Identified as mmim- 3-ethyl-2- -dilnitrophenolate

by gc, -* awd melting point owthods.
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A war spectrus .oeAd thet this prodact we a4rat botely 752

5-milmo-2,4-d•altrotolnme and 257 ? ,4-dlaitrotolm,. Per purt fIce-

t•m, the ample ws treated with 50 al of a statore, of 952 petrolo

ether (60 to 1100 mod 52 tolueme (hat) it wkcb 7,4-dialtr.tooluese was

seloble. The tIoluble mteiar . 2.90 a. wms wualyatd by Sc mad foumd

to be 342 &4-mint-2,4-dialirotoluena. lFunher ',,• ' t anU, throous

rocrystalLsatoe1 yielded a product that e ,i . ',c aMlysis;

402 yield.

3.7.10 Pnemyel•ts of l.3.5-TrU.S•.tobam e (XV)

coca 902

XXXII XV

2.46-Trinitrobeanzoic Acid (XXXII)

To 1500 cc of conc. sulfuric acid in a 5-liter flask was

added 270 it (1.19 mol) of 2,4,6-trinitrotoluene during mechanical

stirring. Sodium dichromate was then added in portions with continued

stirring until the temperature reached 40*. A cold water bath was used I
to hold the temperature between 40 and 500 while sodium dichromate

addition continued over a 2-hr period. A total of 406 g (1.36 mol)

of sodium dichromate was added. When all the dichromate had been

added, the nixtu:ce was stirred for 2 hr at 45 to 50° and then allowed

to stand overnight. The mixture was carefully poured onto cracked ice,

and the cride trinitrobenzoic acid was filtered through sintered glass

end washed with cold water. After drying under vacutun, the product

weighed 158 g (52% of the theoretical amount).
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1.3. 5-Trialtrobensene (XV)

The crude trinitrobenzoic acid previously obtained was

mixed with 1600 cc of water at 35" in a 5-liter flask. A 15% solution

of sodium hydroxide was then added in portions with mechanical stirring,

the temperature being h•ld between 35 and 40, until a yellow-red color

appeared and trinitrobenzene floated on the surface. The solution

was made just yellow with glacial acetic acid. The mixture was fil-

tered, and the filtrate was transferred to a 5-liter flask; 50 cc of

glacial acetic acid was added, and the solution was heated gently with

mechanical stirring for 3.5 hr. The mixture was allowed to stand for

48 hr and then was filtered to yield 62.8 g (25% of the theoretical

amount from trinitrotoluene) of pure 1,3,5-trinitrobenzene.

3.7.11 Preparation of 2,3,6-Trinitrotoluene (XXXVI)

Nla NHAc NHAc NHAc

HO AcCH O, i, y CH, CON CHO

c XXI I HI =Orn

/
SHSO-

C B S C os0

Nos

XXX'0



2-Methyl-3-Nitroacetanilide (XXXIII)

2-Methyl-3-nitroaniline (200 g, Aldrich) was suspended in

1600 ml of glacial acetic acid. The mixture was cooled to 5, and

240 ml of acetic anhydride containing 0.5 g of 96% sulfuric acid was

added in drops over 15 min, The temperature was re' ed to 85* over

25 min, during which time the desired product separated ao a light-

brown solid. After the reaction temperature had been held at 850 for

10 min, the mixture was cooled to 40° and poured into 4 liters of

crushed ice. The light-b-own precipitate was filtered, washed with

water, and dried under vacuum; 92.5% yield.

2-Methyl-3, 5,-Dinitroacetanilide and

2-Methyl-3 ,.,,-Dinitroacetanilide CXXXIV)

A mixed .,.Id solution was prepared by slowly adding 1034 ml

of 962 sulfuric acid to 646 ml of 90% nicric acid, keeping the tempera-

ture of the mix.,u -c below 25". A 1680-mi sample of mixed acid was

cooled to 5', and 2.1,0 g of 2-methyl-3-nitroacetanilide was added in

small portioani (45 win) while the temperature was maintained at 4 to

7". After adri. oa,, the temperature was allowed to rise to 15, at

which point tl',,,i'ction was eqaeuched on 6 liters of crushed ice. The

creem-color'ear# r,'c.11ptate was filtered, washed thoroughly with water,
sad dried I'- I g; 97% yield.

Z. J-Diaitro-6--Aminotoluene and
3_6_Dinitro-2-Aminotoluene (XXXV)

To a 206-gram. ample of the mixed dinitroacetanilides

(0.87 ol) was added 1340 ml of 50% sulfuric acid with stirring. The
mztmre was beated on a stem bath at 80 to 900 for 2 hr. during

ulicb time a yellow-creage solid formed. The hot mixture was quenched

-a 8 liters of crushed ice and allowed to stand overnight. The solid

was filtered, washed thoroughly with water to remove all traces of

acid. and vacim dried over sulfuric acid; 159.6 g; 93% yield.
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2•_.6-Trinitrotoluene (, .C;I)

Trifluoroacetic anhydride (570 ml) was added quickly

(5 min) to 835 ml of CHCl,, with the temperature held at about 5%.

A 90-ml sample of 90% hydrogen peroxide was added in drops (2 hr),

with the temperature maintained between 0 and 5'. To this milky white

mixture was added the above aminodinitrotoluenes (159.6 g) In sil

portions (30 min) at 0 to 5%. The reaction temperature was allowed 1C

rise slowly to 540 (40 min), the dropping futuiel was replaced by a

condenser, and the mixture was refluxed for 2 hr. The reaction was

cooled to ambient temperature, and solvents were removed on a rotary

evapo:ator until a yellow precipitate appeared. Methylene chloride

was added to dissolve the precipitate, nnd the resulting solution was

washed with four 250-mi portions of 5% NaH(03 and two 25U-mi portlJons

of water. The methylene chloride solution was dried (MgSO), the sol-

vent was removed under vacuum, and tha yellow ry.3tailine product was

driad under vacuum. The product (180.' k) represented a yield of 91%;

mp 105 to 1120; purity, 99% by gc "nalysis. Recrystallization from

1250 ml of methanol gave 124.3 g of pure 2,3,6-trin~trotoluene;

mp, 111.5 to 112.5'.

3.7.12 Prepayation of 3-Amino-4-Nitrotoluele (MM VII)

NHd.OH0 0
N O 2  NHO

XXXVII

A l15-g sample of 3,4-diaitrotoluene, 284 ml of ammonitvn

hydroxidt, solution (28% NM3 ), and 1750 ml ot metbhanol were heated in an

autoclave for 6 hr at 150%. After the methanol was evaporated under

vilctu the yellow-brown iesidue was crystallized twice from methanol

to yield 58.4 g of pure 3-amino-*4--iltrotoluene; yield, 61%,
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4 ANALY2ICAL CIIEMISTRY EVALUATICNR OF MUNITIONS
COM!rOUNDS USED IN TOXICOLOG:CAI. EVALUATIONS

The compounds used in aquatic and mammalian toxicological studies

were evaluated for their identity and purity. For identification,

infTraved (ir), nuclear magnetic resonance (proton nmr), ultraviolet

spectroscopy (uv), and mass s-ectral. data wer'e obtained. For purity,

each nompound was evaluated for its elemental composition and chromato-

graphic homogeneity using gc and hplc. The results for ?ach compcund

and the s;ectral and chromatographic data are presented in the fciihXing

sections. Uv spectra were taken on a Perkin-Elmer Model 200 uv spectro-

photoaeter; Ir spect:.e were obtained from a Perkin-Elmer 137 infrared

spectrophotometer; nmr spectra were obtained on Varian A-60A nr Varian

r4-90 nucle:sr ragnetic resonance 6pectrometers; and mass spectra were

obtained or a LK3 9000 mase spectrometer.

4.1 Toluene CRS
Methyl benzine
t0o8-88-3)

Source: Mallinckrodt
Lot BPB
Catailog No. 8608

Id~xitity•

IR•--The ir spectrum was consistent with the proposed struc-

ture as well as with Sadtler Reference No. 419 for toluene. The fol-
lowing bends were observed: (teat) 3.35 (-C-H, .asamtic), 3.5 (C-H,
methyl), 5-6 (aronlatic overtones, mono-aubstituced benzene), 6.2, 6.85

(C-C, ring), 9.7, 13.7 (C-r), 7.3, 8.5, 9.25, 11.3 urn.
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Nmr--The nmr spectrum was consistent with the proposed struc-

ture, The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 2.32 (singlet, Qiq); 6 7.17 (singlet, H a).

uv (Methanol)--X = 209.0 nm, A = 0.397, e = 6510max

X = 263.0 nm, A = 0.016, c = 256.
max

Purity (>95%)

Elemental Analysis--

Anal. for C7H : Calcd: C, 91.25; H, 8.75

Found: C, 91.30; 11, 8.64.

High-Pressure Liquid Chromatography--One peah was obsetved

representing 100% of total peak area. The following hplc conditions

were used:

"* Column: 4 mm ID x 30 cm p Brondapak C (Waters Ac.)

"* Solvent: 50% H 20/507% CH3 OH

"* Flow Rate: 1,C c/Iimin
"* Detection: uv at 254 rnm

"a Average retention t_ane. 773 sec toluene 100%.

Gas Chromatoraphy--ne major component 'tlepresenting 95.4%

of total. peak arcas) and at least six minor component.s vL observed

by gc under the following conl~iions:

a Column: 5' x 4 mm glass column packed with 10% DC-200 on
Chromasorb W-i.? 80/100.

* Temparature: 110 to 220%C at 4*/min.

* Flow rate: 30 mi/mIn N2 .

* Detection: Flame !onizptioic.

* Reter~nic- time, 66 s-c toluene 8997%.
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1-Vlethyl-2-uItrobMnse CBS
138-72-21

Sou-ce: zwtý Orsai. Ctamicals
no lot listed
Catalog go. 193

Ident t v

Ir--The Ir spectrum v, coastaten't vwth thw proposed structure

as weil as with Sadtler ltefererv-re No 4602 for :-nitrotolueoe. The

following bands wore observ"d: (nsat) 1.J (-C-11, aromatic), 3.4 (C-H,

methyl). S-6 (aromatic overtgons, orth.-htnzenoid hdiL•ion), 6,2,

6.8 (C-C. ring)) b.' 7.A (N-O)). 4.,5 9.6 (C-4). IPA. (C-N, arovatit H432)

8.)., 8.0 . 10.4. 14.5 ua.

NMr--The rmr sprctru wan consistent with the proposed stivu-

ture. The following chemical shifts were observed. and the nsasber of

--c.. .ea.' 4e en a eteratned from sigsnal integrals:

((C •1: P '.60 (uinglet. 3I) CHM1 7.40 (multiplet, 3HM H 3;
:.9) (Mult iplet . H) %.) Ja-b,, " a cps). J b-a =7.5, J b-a' =3). i

uv (Mthanol)--- . 207.2 rm, A - 0.590, E - 10,900

- .57.0 no, A - 0.295, e 5440.
max

Purity (9.5. 0.5)

Elem~mtaI Ara ly4ls_--

Anal. for C Ii NO: Calcd: C, 61.3; H, 5.1; N, 10.2
7 7 2

Found: C, 61.02; HI, 4.98; N, 10.24.
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gblth'ressure Liquid Chromaatography--One peak representing

100% of total peak areas was observed by hplc. The fcllowing hplc :on-

ditions were used:

o Column: 4 nmn 1, x 30 cm p Bondapak C1 8 (Waters Assoc.)

o Soivent: 50% H 0/50% CH OH

o Flow rate: 1.6 ml/min

SDetection: uv at 254 nm

o Average retention ti,'e: 827 sec 2-nitrotoluene 1002.

_Gas Chro'matography--One major compo.1ent (fepresenting 99.0O

of total peak areas) and two minor cnmponents were observed by gc under

the following condition,3:

* Column: 5' x 4 mm glass column packed with 10% DC-200 on

Chromasorb W-KP 80/100.

* Temperature: 100 to 220°C at 4'/mmn

* Flow rate: 20 fnl/,.!n N2.

o Detection: Flame ionization.

9 Retention time: 412 s-.c 2-nitv'tlune 99.01. X4 w
1-purity 0.5%; 519 sec impurity 0.5%.
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4.3 4-Nitrotoluens
1-XMethyl-4-nitrobanzene CH-

199-99-0]

Source: Matheson Company NO,
Lot No. 303117
Catalog No. 2799

Identity

Ir--The it spectrum was consistent wtth the proposed structure

as well as with Sadtler Reference No. 4693 for p-nitrotoluene. The

following bands were observed: (thin film in CHCI 3 ) 3.4 (=C-H, aromatic),

5.5 (C-H, methyl), 5-6 (aromatic overtones, para-benzenoid substitution),

6.2, 6.8 (C-C, ring), 6.5, 7.4 (NO), 9.6, 9.8 (C-H), 11.6 (C-N, aromatic

NO2) 4.1, 8.3, 8.5, 9.05, 10.5, 14.7 lm.
2'

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons Lach signal represents was determined from signal integrals:

(CDC3 6 2.43 (singlet, CHR)" 6 7.29 (doublet, H, Jb - 8 cps);
6 8.06 (doublet, R, Ja-b 3 f 8 cps).

uv (Methanol)--Xa = 260.n nm, A - 1.392, c - 8490- max
X = 215.6 nm, A - 1.255, c - 7650

maxX = 273.2 nm, A - 1.551, c - 9460.

max

Puiy(100%)

Elemental Analysis--

Anal. for C7 H7 NO2 : Calcd: C, 61.3; H, 5.1; N, 10.2

Found: C, 60.97; H, 5.06; N, 10.24.
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High-Pressure Liquid Chromatography--One peak (representing

100% of total peak areas) was obtained by hplc. The following hplc con-

ditions were used:

"* Coluwn: 4 mm ID x 30 cm ij Bondapak C1 8 (Waters Assoc.)

"* Solvent: 50% H2 0/50% CH 30OI

"* Flow rate: 1.6 ml/min

"* Detection: uv at 27-4 am

"* Retention time: 860 sec 4-nitrotoluene I('O5

Gas Chromatography-- One peak (representing 100% of total peak

areas) was observed by gc under the following conditions:

"* Column: 5' x 4 mm glass column packed with 10% DC-200 on

Chromasorb W-HP 80/100.

"* Temperature: 100 to 220°C at 4°/min.

"* Flow rate: 20 ml/min N2 .

" Detection: Flawe ionization.

"* Retention time: 33 sec 4-nitrotoluene 100%.
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Lot~ go.MA

14 0C t It.,

I:--Thc Ir *p&<c9rf waes coaisittnt with the proposed structure.

fo0l--mgta bhmd. Vre tob.rv.d: (KBr pellet) 3.0 broad (intexziolecular
•v4 • r~- • e4 0-H).0 1.4S (C'-H). 6.3. 6.9 (C-C, ring), 6.6, 7.5 (N-0),

"W'-b1). 4.4 (t -•). 9.4. 9.7 (C-H), 11.7 (C-N, aromatic NO2 ), 10.4,

.lr--Thfr nor spectrum was consistent with the proposed struc-

ture. The following chemical shifts wore observed, and the number of

protons each signal represents was determined from signal integral:

inrl- 6.84 (doublet of multiplet, 1H, Ja-b 7 cps) Ha
6 7.00 (doublet of multiplet, 1H, Jc-b 7 7 cps) Hc

5 7.31 (doublet, 0.5H, Jb-a - 7 cps) %
6 7.45 (doublet, 0.5H, 3b-c = 7 cps) Hb.

uv (Methanol)--X = 2 13.6nm, A-1.118, E - 9240
ma~x

X = 271.Ormn,A-0.198, E - 1640.
max

Purity (98.9Z 1 .i)

Elemental Analysis--

Anal. for C7 H 7NO Calcd: C, 54.9; H, 4.61; N, 9.15

Found: C, 54.60; H, 4.52; N, 9.15.
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_Hi-Prensure Liquid Chromatography--One major component

(representing 97.8% of total integrated peak areas) and two minor com-

ponents were observed by hplc. The following hplc conditions were used:

* Column: 4 mm ID x 30 cm Ii Bondapak C1 8 (Waters Assoc.)

* Solvent" 50% H20/50% CH30F,

* Flow rate: 1.6 rl/min

* Detection: uv at 254 nm

* Average retention time: 307 sec 3-methyl-2-nitrophenol
97.8%; 31 sec impurities 2.2% (two peaks not separated).

Gas Chromatography--One major peak (represeating 100% of total

peak areas) was observed by gc under the following conditions:

v Column: 5' x 4 mm glass column packed with 10% DC-2OO on
Chiomasorb W-HP 89/100.

e Temperature: 95 to 2200C at 44/rin.

e Flow rate; 30 m1/•in N,.

• Detection: Flawm ionLzation.

* Retention time: 5e3 sec I-awthvI-2-,nitrophenoI LO0%.
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4.5 5-Methyl-2-Nitrophenol OH
(700-38-9] NOa

H 2C I
Souk..e: Aldrich Chemical Company

Lot No. 122929
Catalog No. 13,779-0

Identity

Ir--The ir spectrum was consistent with the proposed structure.

The following bands were observed: (KBr pellet) 3.0 (intermolecular

U-bonded O-H), 3.3 (C-H, aromatic), 6.3, 6.8 (C-C, ring), 8.5 (C-O),

11.4, 11.9 (C-N, aromatic NO2 ), 9.25, 10.5, 12.2, 13.25, 13.65 urm.

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 2.40 (singlet, 3H) CH3; 6 6.77 (doublet, H, J = 9 cps) Ha
3,

6 6.93 (singlet, H) H; 6 7.97 (doublet, 0.1H, J = 9 cps) Hc

6 10.57 (singlet, H) OH.

uv (Methanol)--a = 2 14.5nm, A l1,287, 6 - 13000
maxmax= 286.0nm,.Am0.747, E 7560

X = 348.0nm, A-0.390, E = 3950.
max

Purity (99.65% + 0.35)

Elemental Analysis--

Anal. for C7 H NO Calcd: C, 54.9; H, 4.61; N, 9.15

Found: C, 54.99 H, 4.59; N, 9.06.
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High-Pressure Lieu~d Chromatography--One major component

(representing 99.3% of tot.al peak areas) anA~ one minor component were

observed by hplc. The foillowing hplc conditions were used:

* Column: 4 mm ID x 30 cm p' Bondapak C 18 (Waters Assoc.)

* Solvent: 50% Hl 20/50% CH 3Oh

9 Flow rate: 1.6 ml/min
* Detection: uv qt 254 nm

e Average retention time: 503 see 5--methyl-2-nitrophenol
99.3%; 143 see impurity 0.7%.

GasChromatography--One major peak (representing 100% of total

peak areas) was observed by ge under the following conditiona:

'.Column: 5' x 4 mm glass column packed with 10% DC-200
on Chromasorb W-HPl 80/100.

*Temperature: 95 to 2200C at 4*/mixt

*Flow rate: 30 ml./min7N 2

e Detection: Flame ionization

* R~etention time: 657 sec 5-methyl-2-nitrophenol 100%.
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4.6 1,3-Dinitrobenzene
(199-65-0] NO.

&Os

Source: Eastman Organic Chemicals

Lot No. 601-344
Catalog nunber no longer available 1

Identity

Ir--The ir spectrum was consistent with the proposed structure

as well as with Sadtler Reference No. 81 for m-dinitrobenzene (KBr wafer).

The following bands were observed:

(1) (KBr pellet) 3.25 (C-H, aromatic), 6.2, 6.8 (C-C, r'nL),
6.5, 7.4 (N-0) 9.35 (C-H), 11.9 (C-N, aromatic NO2 ),
10.9, 12.2, 13.7, 14.0 um.

(2) (Thin film in CHC1 3), 3.5 (C-H, of CHC1 3 ), 5-6 (aromatic
- overtones--possibly no- all meta-benzenoid substitution)

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 785 (triplet, 1H, J - 8 cps) H

6 8.55 (doublet of doublets, 2H, J - 8 cps, J 2 cps) Hb

6 9.05 (doublet of doublets I H, J 2 cps, J -2 cps) H.c

uv i(methanol--X 233.8tun, A-1.354, c - 17700.

Purity (100%)

Elemental Analysis--

Anal. for C6H4N2 04 : Calcd: C, 42.9; H, 2.4; N, 16.7

Found: C, 42.65; H, 2.43; N, 16.43.
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High-Pressure Licuid Chromatography--One peak representing

100% of the total peak area was observed by hplc. The following hplc

conditions were used:

9 Column: 4 mm ID x 30 cm p Bondapak C1 8 (Waters Assoc.)

* Solvent: 50% H2 0/50% CH3 OH

P Flow rate: 1.6 miimin

* Detection: uv at 254 nm

e Average retentiou time: 382 sec 1,3-dinitrobenzene 100%.

Gas Chromatography--One peak (representing 100% of the total

peak areas) was observed by gc under the following conditions:

v Coliimn: 5' x 4 mun glass column packed with 10% DC-200 on
Chromasorb W-HP 8/100.

e Temperature: 100 to 22 0 *C at 4*/rnin.

* Flow rate: 20 ml/min N 2

* Detection: Flame ionization.

* Retention time: 607 sec 1,3-dinitrobenzene 100%.
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4,.7 2,6-11 itrotoluen e

2-MAthy1-1,3-dinitrobenzsett
1606-20-21

0"

Source: Aldrich Chemaical Ocmpainy
Lot No. 031947
Catalog No. D20,060-3

Identity.

It--The ir apectrm was consistent with the peopoacd structure '

as well as .;ith Sadtler Reference No. 17378 for 2,6-dinitrotoluene (K3r

wafwr). The following bands were observed:

(1) (KBr pellet) 3.3. (-C-H, aromatic), 6.2, 6.Q (C-C, ring),
6.5, 7.4 (N-5), U.1.85 (C-N, aromatic NO?), 13.7 (C-R),
8.3, 9.-, I0.1, if.1-5, M215, 14.1 pmo.

(2) (Thin film in CHCI 3 ) 5-6 (arormatin overtones) Pm.

Nmr--The nwr spectrum waE consistent with the proposed stru,!-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 2.60 (singlet, AH) CH3 ; 6 7.57 (triplet, R, J - 8 cps) ;

5 8.03 (dcublet, 2H, J - 9 cps) 4.
a-

uv(Me.hanol)--X - 207.4 Uv), A.- .770, • u 13600max

- 232.0nv,, A0 0.59], £ - 10400.

Purity (99.52 t 0 5,

"lemental Analysis-

Anal. for C7H6N2 00: Calcd: C, 46.2; H, 3.3; N, i5.4

Found: C, 46.00; A, 3.30; N, 15.46.
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High-Pressure Liquid Chromatography--One peak (representing

100% of the total peak areas) was obeerved by hplc. The following hplc

conditions were used:

* Column: 4 mm ID x 30 cm 4 Bondapak C1 8 (Waters Assoc.)

* Solvent: 50% H2 0/50% CH 3 OH

* Flow Rate: 1.6 ml/ain

• Detectiont uv at 254 nm

9 Average retention time: 506 sec 2,6-dinitrotoluene 100%.

Gas Chromatography--One major component (repi•. enting 99% of

the total integrated peak areas) and one minor component were observed by

gc under the following conditions:

e Column: 5' x 4 mm glass column packed with 10% DC-200 on

Chromasorb W-HP 80/100.

* Temperature: 100 to 2000C at 4" in.

* Flow rate: 20 ml/min N2.

• Detection: Flame ionization.

* ketention time: 649 sec 2,6-dinitrotoluene 99.0%; 773 sec
impurity 1.0%.
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4.8 2.5-Dinitrotoluene
2-Mothyl-1,4-dinitrobenzene
[619-15-81 CH

NO 2

0* N02

Source: Synthesis, SRI I

NH H2SO4

O,2N H20 O02K6
53%

Identity

Ir--The ir spectrum was consistent with the proposed structu-e.
The following bands were observed:

(1) (Kgr pellet) 3.3 (-C-H, aromatic), 3.5 (C-H, methyl), 6.5,
7.4 (N=0), 6.8 (C=C, ring) 9.68, 13.7 (C-H), 1 . ,11.9
(C-N stretch, aromatic N02), 7.1, 8.7, 9.0, 10.7, 11.1,
12.48 Um.

(21) (Thin film in CiIC.3) 5-6 (aromatic overtones) pmo.

FI Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were ol-served, and the number of

protons each signal represents was determined from signal integrals:

6 2.70 (singlet, 3H) CH 3; 6 8.22 (multiplet, 3H) H.

uv(1ethanol,)--kmX 207. 0nm, 1.405, c" - 16,000

- 238.2-ata, A" 0.972, c - 11,500
MIX - 300.O0hm, A- 0.205, c - 2420.
max
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Purity (99.99% ± 0.1)

Elemental Analysis--

Anal. for C7H6N204: Calcd: C, 46.2; H, 3.3; N, 15.4

Found: C, 46.16; H, 3.41; N, 15.45.

High-Pres~,ure Liq'd Chromato•aph--One peak representing 100%

of the total peak areas was observed by hplc. The following hplc condi-

tions were used:

o Column: 4 umm ID x 30 cm U Bondapak C1 8 (Wa' ers Assoc.)

* Solvent: 50% H2 0/50% CH OH
2 3

o Flow rate: 1.6 ml/min

* Detection: uv at 254

o Average retention time: 521 sec 2,5-dinitrotoluene 100%.

Gas Chromatography--One major component (representing 99.98%

of the total peak areas) and one minor component were observed by gc

under the following conditions:

o Column: 5' x 4 mm glass column packed with 10% DC-200 on

Chromasorb W-HP 80/100.

& Temperature: 100 to 220°C at 4°/min.

o Flow rate: 20 ml/min N

o Detection: Flame ionization.

* Retentiou time: 718 sec 2,5-dinitrotoluene 99.98%; 664 sec

Impurity 0.02%.
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4.9 2.4-Dn.ltrotoluane
1-Methyl-2 ,4-dtnitrobenzene s
1121-14-21 NOs

Source: ICK NOS
Lot No. 54823
Catalog No. 5758

Identity

Ir-The ir spectrum was consistent with ihe proposed structure

as well as with Sadtler Reference #175 for 2,4-dinitrotoluene (KBr pellet).

The following bands were observed:

(1) KBr pellet 3.25 (-C-H, aromatic), 3.5 (C-H, methyl), 6.2,
6.9 (C-C, ring), 6.5, 7.4 (N-O), 9.38, 9.7, 13.6 (C-H),
11.8 (C-N, aromatic No2 ), 7.3, 8.3, 8.7, 8.8, 10.2, 10.95,
12.6, 13.05, 14.1.5 um.

(2) (Thin film in CHCl 3 ) 5-6 (aromatic overtones-l,2,4-
beuzenoid substitution) rm.

Nar-The nmr spectrum was consistent with the propored struc-

tlire. The following chemical shifts were observed, and the number of

protons each signal represents was determined fr(m aignal integrals:

6 2.78 (singlet, 31) CH3 ; 6 7.67 (doublet, H, J 9 cps) 1ia

6 8.38 (quartet, H; Jb-a = , 3b- 2.5) Hb

6 8.73 (doublet, H, J - 2.5) Hc

uv (Methanol)--A - 207.0ru, A-O.624, E - 11,100
max
A - 240.0 nu, A-0.809, c - 14,300.
max

Purity

Elemental Analysis-

Anal. for C7H6 N2 04 : 0 Clcd: C, 46.2; H, 3.3; N, 15.4

Found: C, 46.21; H, 3.37; N, 15.43.

U17



High-Pressure Liquid Chromatography--One major component

(representing 99.5% of the total peak areas) and one minor component were

observed by hplc. The following hplc conditions were used:

* Column: 4 mm ID x 30 cm IA Bondapak C1 8 (Waters Assoc.)
* Solvent: 50% H 20/50% CH 3OH

* Flow rate: 1.6 ml/min

* Detection: uv at 254 nm

* Retention tim: 591 sec 2,4-dinitrotoluene 99.5%; 545 sec
impurity 0.52.

Gas Chromatography--One major component (representing 98.32

of the total peak areas) and two minor components were observed by gc

under the following conditious:

"* Column: 5' x 4 mi glass column packed with 10% DC-200 on
Cromaaorb W-HP 80/100.

"* Temperature: 100 to 220"C at 4*/min.

"* Flow rate: 20 ml/min N2 .

"* Detection: Flame ionization.

"* Retention time: 787 sec 2,4-dinitrotoluene 98.3%; 673 see
impurity 1.4%; 734 sec impurity 0.32.
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4.10 2. 3-Dinitrotoluene
1-Methyl-2,3-diuntrobenzene1602-01-71

L NO0

NO0

Source: Synthesis, SRI

NU~A

M~i

1120

The HfbOw N02we 
s

CNroaiNO,7.,848.4108 12.35 13.45

25% HC1

C~ soa.cs ~eHOAc • ~

SH2804

Identity

S~Ir-The ir spectrum was consistent with the proposed structure,

" ~The following bands were observed-

(1) (K~r pellet) 3.3 (-C-H, aromtic), 3.5 (C-H, methyl), 6.2,
S~6.9 (C-C, ring), 6.5, 7.45 (N-0), 9.3, 9.55 (C-H), 11.7
•i(C-N, aromatic NO 2) 7.3, 8.4, 8.54, 10.8, 12.35, 13.45,

14.2 .
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(2) (Thin film in CilC1 ) 5-6 (aromatic overtones--not pure
1,2,3-benzenoid substitution) um.

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 2.45 (singlet, 3H) CH3 ; 6 7.65 (multiplet, 2H) H
3 aa&a'

8 8.03 (quartet, H, Jb-a' = 7 cps, Jb-a m 3.5 cps) H.b

uv (Methanol)--A max - 20E.5nm, A- 0.933, E - 16,000

X m 254.Onm, A=0.362, e - 6220.max

Purity (100%)

Elemental Analysis--

Anal. for C7H6N204: Calcd: C, 46.2; H, 3.3; N, 15.4

Found: C, 46.13; H, 3.38; N, 15.35.

High-Pressure Liquid Chromatography--One peak representing

100% of the total peak areas was observed by hplc. The following hplc

conditions were used:

"* Column: 4 mm ID x 30 cm V Bondapak C1 8 (Waters Assoc.)

"* Solvent: 50% H20/50% CH3 OH

"* Flow rate: 1.6 ml/min

"* Detection: uv at 254 nm

"* Average retention time: 589 sec 2,3-dinitrotoluene 100%.

Gas Chromatography--One peak (representing 100% of the total

peak areas) was observed by gc under the following conditions:

* Column: 5' x 4 = glass column packed with 10% DC-200 on

Chromaeorb W-HP 80/100.

e Temperature: 100 to 200"C at 4°/min.

* Flow rate: 20 ml/min N2 .

* Detection: Flame ionization.

9 Retention tium: 756 sec 2,3-dinitrotoluene l00%.
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4.2 k •rotcueme
[618-S5-9] ollm

Source- Syutossis, SRI

A(5%

Identity

It-The ir spectcum was consistent with the proposed structure.

The following bands were observedi

(1) ([Er pellet) 3.25 (-C-H, aromatic), 3.5 (C-H, methyl),
6.25, 6.85 (C-C. ring), 6.5, 7.4 (1-0), 9.55, 13.65 (C-H),
8.9, 9.3, 10.5, 10.9. 11.05, 11.1, 12.4, 13.1 we.

(2) Sr pellet) 5-6 (aromstic overtones-possibly 1,3,5-
benzenoid substitution) vu.
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Nmr--The nmr spectrum was consistent with the proposed structure.

The following chemical shifts were observed, and the number of protons

each signal represents was determined from signal integrals:

6 2.69 (singlet, 31.) CH3 ; 6 8.41 (singlet, 2H) Ha;

6 8.81 (singlet, H) RD.

uv (Methanol)--A = 2 03.0nm, A=0.605, c = 9530
X = 239.4nm,A=1.113, c = 17,500

max
Xmax =30C.Onm,A=0.104, c = 1640.

PuritS_ (100%)

Elemental Analysis-

A&al. for C H N 0 Calcd: C, 46.2; H, 3.3; N, 15.4
7 6 2 4N,1.

Found: C, 46.33; H, 3.37; N, 15.25.

High-Pressure Liquid Chromatography--One peak representing

100% of the total peak areas was observed by hplc. The following hplc

conditior were used:

9 Column: 4 mm ID x 30 cm p Bondapak C1 8 (Waters Assoc.)

* Solvent: 50% H20/50% CH0OH2 /5%C 3O
e Flow tate: 1.6 ml/min

* Detection: uv at 254 nm

e Average retention time: 589 sec 3,5-dinitrotoluene 100%.

Gas Chromatogrophy--One peak (representi:.g 100% of the total

areas) was obtained by gc under the following conditions:

* Column: 5' x 4 rn glass column packed with 10% DC-200 on

Chromasorb W-HP 80/100.

* Temperature: 100 to 2200 C at 4*/min.

* Flow rate: 20 ml/min N2 .

* Detection: Flame ionization.

e Retention time: 7P9 sc. ,$-dinLitrotoluene 100%.
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4.12 3.4-Dinitrotolumne
4-Methyl-1,2-dinitrobenzene
[610-39-91 CH*i

(0 %NOS

NOS

Source: Aldrich Chemical Company
Lot No. AB 082467
Catalog No. 14,812-1

Ident ig •

Ir. rhe 1.. spectrum was consistent with the propored structure.

The following bands were observed:

(1) (KEr pellet) 3.3 (-C-H, aromatic), 3.5 (C-P., methyl), 6.2,
6.8 (C-C, ring), 6.5, 7.4 (N-0), 9.6, 13.5 (C-H), 11.8
(C-N, aromacic NO2 ), 8.2, 8.6, 8.75, 10.28, 10.8, 11.15,
12.55, 13.3, 14.55 jim.

(2) (KBr pellet) 5-6 (aromatic overtones) urm.

Nmr-The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 e.56 (singlet, 31H) CH3 ; 6 7.65 (doublet, H ; J - 3 cps) H;

8 7.82 (singlet, Hb) Hb; 6 7.95 (singlet, Hc) H
cc

uv (Methanol)--A - 217.Onm, Aa0.910, c - 13,300
max

A - 260.Snm, Aa0.421, -- 6150.
max

P (99.9% 4 0.1%)

Elemental Analysis--

Anal. for CTH 6 N2 04 : Calcd: C, 46.2; H, 3.3; N, 15.4

Found: C, 46.00; H, 3.35; N, 15.32.
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High-Pressure Liquid Chromatography--One peak representing

100% of the total peak areas was observed by hplc. The following hplc

conditions were used:

e Column: 4 mm x 30 cm U Bondapak C .8 (Waterg Assoc.)

e Soivtnt: 50Z H20/50% CH OH
2 3

e Flow rate: 1.6 ml/min

* Detection: uv at 254 nm

o Retention ti.me; 517 cec 3,4-dinitrotolueae 100%.

Gas Chromatography--One major component (repr ..ientlag 99.8%

of the total peek areas) and one minor c.mpoxfxit were ooservea oy gS.

under the following conditions:

e Column: 5' x 4 - glass column packed with 102 DC-200 on
Chromasorb W-HP 80/100.

e Temperature: 100 to 220C at 4c/min.

e Flow rate: 20 ml/mir N2

a Dptttection: Flame ionization.

* Retention time: 837 sec 3,4,-dinitrotoluene 99.8%; 757 sec
impurity 0.22.
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4.1.3 4.6=pDnitro-nM-Xy•la,
1, 5-Dimethy.--2,4-dinitirobenzene
(616-72-81 CHI

JLCH9
102

Source: Synthesis, SRI

CHv ,Cff •CH,

HNOD 02N fI0CHS CH3

NO 2

Ir--The ir spc'ztrum waF conststent with the proposed structure.

The following bands were ob:4erved:

(1) (KBr pcllet) 3.25 (=C-H, aromatic), 3.4, 3.5 (C-H, methyl),

6.2, 6.85 (C=C, ring), 6.5, 7.;5 (N=O), 9.65, 13.4 (C--H),

11.62 (C-N, aromatic NO 2 ), 7.88, 8.55, 10.85, 11.3, 11.9,

12.9, 13.75, 14.35, 14.9 ur.

(2) (Thin film in ChCl 3 ) 5-6 (aromatic overtones) uro.

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical, shifts were observed, and the number of

protons each signa represents was determined from signal integrals:

6 2.72 (singlet, 6H) CH3 ; 6 7.43 (singlet, H) Ha

ý 8.57 (singlet, H) H!).

uv (Methanol)--A = 207.4nm,A 0.926, E = 8420
max
maxXax = 249.Anni,Al1.l2l, F2- 10,200.

Purity (99.0 1%)
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Elezental. Anal•ysis--

Anal. for C8It N204: Calcd: C, 49.0; H, 4.1; N, 14.3

Found: C, 48.79; 4.1:ý; N, 14.17.

High-Pressure Liquid Chromatography--One peak representing

10,'% of the total peak areas wai: observed by hplc. The following hIplc

conditions were used:

o Column: 4 mun ID x 30 cm pt Bondapak C1 1 Waters Assoc.)

e Solvent: 50% H 0/50% CH 3 OH

* Flow rate: 1.6 ml/misa

* Detection: tiv at 254 P.m

a Average retention time: 853 sec 4,6-di-'ditro-m-xylene 100%.

Gas ChromatgraýphY--One major component (representing 98.0% of

the total peak areas) and two minor components were ot-served by gc under

the following cornditions:

* Column,: 5' x 4 mm glass column packed' with 30% DC-COO on

Chromasorb W-HP 80/100.

* Temperature: 110 to 220%C at 4*/min.

e Flow rate: 30 ml/min N2 .

a Detection: Flame ionizacion.

a Reten ion time: 1028 sec 4,6-dinitro-m-xylene 98.0%; 820

sec impurity 1.06%; 1442 sec impurity 0.94%.
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A.14 1.3. 3-TrInitrobasme
;99-35-41 o

Oux NO&

Sox' c*: Syuthesis, SRI

08 " g 
Not WCAoa0

Wa3Cr 20r 23% 0,s 002

Identity

Ir-The xr spvctrum was consistaent with the peopomd stmu-.ture

as wae1l as with Sedtlet Reference No. 1086 for 1,3,5-tricitrobeusu

(malld in nmiral oil). The folilwing oands tere obeerved:

(1) (M3r p•.llet) 3.3 (C-3, aromatic), 6.2, 6.95 (CL, rim4l,
6%5, 7.5 (N-0), S'.35 5.0. 10.9, 13.2, 13,7, 14.0 us.

(2) (•]Br pellet! 5-6 (armatic overtones, possibly 1,3,5-
bentenoid substitution) um.

,ro--The nww sj:,&ýtrtm vwas onsistent vith the proposed struc-

ture. The follouwng chtmical shIftx wave cbserved, and the nuuber of'

protons each signal represents vwe detertin9' from signal integrals:

6 9. (singlet, 3H) H,

uv (lothauol) -- X,1A - 2.8.8nm, A1. 75, 7 " 27.200.
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Purity (1001)

Llsmiimtal Analyssa-

Anal. Ior C6 H3 1N3?6: Calcd: C, 33.51; R, 1.42; N, 19.72

Foetd: C. 33.95; N, 1.44; , 17.93.

Trrimro copounds give low N amalysis an the Porkmn lRmr

C01 anelyrer.

P.ih-Presourse LLuid Chroat=a EN -- One peek (reprmeathing IUO0

of the total peak areas) was oboe&id by hplc. Tho following hple condi-

tiims vere used:

e Colum: 4 - ID x Y) ca it boadapek CI (Waters Asoc.)

0 Solvent: 50Z 20'591 Ch 3O O

e F13w rate: 1.2 .1/min

e Detection: vv at 254 nm

e Retentton time: 326 *or,3,5-trini•robsazame 1002.

Gas Chroito2rsph,--One peak ýreprfmnting 1001 of the total peak

ares) was observed by pc under the following conditions:

s Column: 5' 4 mm %)ass colum packed with 102 OC-200) an
Chromosorb W-KP 8A.'1100.

STeiperat.ure: 100 to 22C*C at 4*/sim.

* Flow rate: 20 il/m.-a N

o Detection: Plaze icaltation.

e Detentiomn tiwe 939 sec l..5-trinltrobmas.a 1002.
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4.15 2,4..6-Triultrotoluene
2-Methyl-1, 3,5-trinitrobenzene
[118-96-71 Cu3

0 2 N NO0

0
Source: E. I. duPont 3O

Lot number not available

Identity (recrystallized)

It_--The ir spectrum was consistent with the proposed structure

as veil as with Sadtler Reference No. 21886 for 2,4,6-dinitrotolue~e

(between salt.). The followilng bands were observed: (Kir pellet) 3.3

(-sc-H, aromatic), 6.2, 6.85 (C=C, ring) 6.5, 7.4 (NusO), 13.6 (C-H), 8.3,

8.55, 10.6, 10.99, 12.58, 13.9 jim.

ture ThNmr_ -The nmr spectrum was consistent 'with the proposed struc-

ture Thefollowing chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 2.39 (singlet, CH3); 6 8.78 (singlet, Ha).

uv (Methanol)--)ma = 2 2 6 .0nm, A•1.793, c 18,700.

Puit--(Recrystallized, 99.995 + 0.05%; crude, 99.6%)

Elemental Analysis--

Anal. for C7HsN306 Calcd: C, 37.03.; H, 2.22; N, 18.50

Found: C, 36.95; '1, 2.26; N, 17.93.

Trinitro compounds give low N results with the Perkin-Elmer

CHN analyzer.

: 165
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High-Pressure Liquid Chromatography--(2.4 ,6-Trinitroluene,

recrystallized.) One major zomponent (representing 99.9% of the total

peak areas) and one minor component were observed by hplc. The following

hplc conditions were used:

*column: 4 - ID x 30 cm pi Bondapak C 18 (Waters Assoc.)

*Solvent: 5,0% H12 0/50% CHI3 OH

Flow rate: 1.6 mi/mmn

oDetection: uv at 254 nm

o Average retention time: 442 sec 2,4,6-dinitrotoluene 99.9%;
69 see impurity 0.1%.

Gas Chroma.ao raph-

Crude 2,4,6-trinitrotoluene--0ne major component (representing

99.6% of the total peak areas) and one minor component were observed by

gc.

Recrystallized 2,4,6-trinitrotoluene--One major peak (repre-

senting 100% of the total peak areas) was observed by gc. The following

gc conditions were used in both cases:

* Column: 5' x 4 mm glass column packed with 10% DC-230 on
Chromrasorb, W-HP 80/100.

* Temperature: 100 to 220*C at 4*/min.

* Flow rate: 20 ml/ndn N..,.

* Detection: Flame ionization.

* Retention time: 988 sec crude 2,4,6-trinitrotoltiene 99.6%;
763 sec im~purity 0.4%; 1024 sec recrystal'lized 2,4,6-
trinitrotaluene 100%.
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4.16 3-Aaino-2 4-Dinitrotoluene
3-HMthyl..2,6-diaItrobenzenamine Clis

NOa

NO2

Source: Synthesis, SRI

N02  M2S04  NO2  NH3  l(OaN0

02 HN03 0 NOR 79II0 NH2
37% 

602NO
Identity

Ir--The ir spectrum was consistent with the proposed structure.

The following bands were observed: (KBr pellet) 2.9, 3.0 (N-H, 10 aromatic

amines), 3.3 (C-H, aromatic), 3.4 (C-H, methyl), 6.2, 6.85 (C-C, ring),

6.4, 7.4 (N-0), 7.85 (C-N, 1V aromatic amines), 9.6, 13.3 (C-H), 11.2

(C-N, aromatic NO 2 ), 7.7, 8.55, 8.85, 11.9, 12.1, 12.95 pm.

Nmr--The nmr spectrum was consistent with the proposed structure.

The following chemical shifts were observed, and the number of protons

each signal represents was determined from sigoal integrals:

6 2.13 (singlet, 3H) CH 3 ; 6 6.50 (doublet, H,
J = 8.5 cps) H

a

6 7.30 (singlet, 2H) NH2 ; 6 7.94 (doublet, H,
J = 8.5 cps) Hb..

uv 'Methanol)--A 226.2nm, A- 1.494, e 21,700 1
A - 268M0nm, A- 0.484, c - 7050

A m - 380.0nm, A-0.336, c, 4890.

Purity (99.8%)
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Elemental Analysisy-

Anal. for CT7H7N304: Calcd: C, 42.65; H, 3.58; N, 21.31

round: C, 42.40; H, 3.54, N, 21.16.

High-Pressure Liquid Chromatography--One major component

(representing 99.75% of the total peak areas) and one minor component

were observed by hplc. The following hplc conditions were used:

s Column: 4 mm ID x 30 cm p Bondapak C18 (Waters Assoc.)

Solvent: 50% H20/50% CH 3OH
* Flow Rate: 1.6 ml/mmn

* Detection: uv at 254 nm
Average retention time: 435 sec 3-amino-2,4-dinitrotoluene
99.75%; 78 sec impurity 0.25%.

Gas Chromatography--One major component (respresenting 99.76%

of the total peak areas) And three minor components were observed by

gc under the following conditions:

* Column: 5' x 4 mm glass column packed with 10% DC-200 on

Chromasorb W-HP 80/100.

* Temperature: 110 to 2200C at 4*/min.

* Flow rate: 30 ml/min N2 .

o Detection: Flame ionization.

o Retention time: 1145 sec 3-amino-2,4-dinitrotoluene 99.76%;
276 sac impurity 0.03%; 427 sec impurity 0.06%; 973 sec
impurity 0.15%.
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Elemental Analysis--

Anal. for C7 H7 N3 04 : Calcd: C, 42.65; H, 3.58; N, 21

Found: C, 42.40; H, 3.54, N, 2

h-Pressure Liquid Chromatography--One major co ent

(represen 99.75% of the total peak areas) and one mino otnponent

were observe hplc. The following hplc conditions W sed:

0 Col 4 4mm ID x 30 cm V Bondapak C18 rs Assoc.)
18

* Solv 50% H20/50% ;H OH
2 3

* Flow R 1.6 ml/min

* Detection v at 254 n'n

* Average re -ion time: 435 sec 3- :-7, 4 -dinitrotoluene
99.75%; 78 impurity 0.25%.

Gas Chroiaato ra ne major compo - espresenting 99.76%

of the total peak areas) and ee minor c lts were obsc-rved by

gc -inder the following condit

4 Colum-a: 5" x 4 mm c, packed, wit0h .1.0% DC-200 on
C!,; ,•.s:a,'Sb W-HP 80/3"

Teigperaturer 110 to 222 t 40/min.

Flow rate: 30 rdi/mn"

* Detection: Flame io tion.

* Retention time: 11 c 3-amJ 4-dinitrotoluene 99.76%;
276 sec impurity 0 1 ,27 ic Ity 0.06%; 973 sec
impurity 0.15%. _
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4.17 4-Amiuo-3,5-Dinitrotoluene
4-Methyl-2,6-dJ nitrobenzenamine CHs
16393-42-6]

OaN NO*
NH,

Source. Synthesis, SRI

CH3  CH 3  CH3  CH3

AC20 HNO 3 M4CI

O0 N NO:

NH 2  NHAc NHAC NH 2

Identity

Ir-The ir spectrum was consistent with the proposed ctr'iccure.

The following bands were observed:

(1) (KBr pellet) 2.9, 3.0 (N-H, 10 " omatic amines), 6.15,
6.95 (C-C, ring), 6.5, 7t4 (N-0), 8.0 (C-N, 1i aromatic
amines), 11.2 (C-N, aromatic NO2 ), 13.65 (C-H), 12.55,
12.95 um.

(2) (Y~r pellet) 5-6 (aromatic overtones) um.

Nmr--The nmr spe;Lrum was consistent with the proposed structure.

The following chemical shifts were observed, and the number of protons

each signal represents was determined from signal integrals:

6 2.20 (singlet, 3H) CH3 ; 6 8.10 (singlet, 2H) NH2 ;

6 8.22 (singlet, 2H) H.

Peaks at 2.4 and 3.2 are from DMSO and H120, respectively.

uv (Methanol)--Amax 225.0nm, A= 0.414, t - 18,300

X mx- 252 0nim, A-0.189, c - 8360.
(maX

S(97.35 + 2.2%)
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Elemental Analsis--

Anal. for C7 H 7N 30 4: Calcd: C, 42.6; H, 3.6; N, 21.3

Found: C, 42.53; H, 3.51; N, 20.68.

High-Pre sure Liquid Chromatography--One major component

[reprenentirg 95.152 (avg.) ct the total peak areas) and three minor

components were observed by hplc. The follewing 'aplc conditions were

itsed:

"* Column: 4 mm TD x 30 cm P Bundapak C1 8 (Waters Assoc.).

"* Solvent: 50% H2 0/502 CH 3 OH.

"* Flow rate: 1.6 ml/mmn.

"* Detection: uv at 254 nm.

" Average retention time: 661 see 4-amino-3,5-dinitrotoluene
95.15%; 74 sec impurity 0.372; 226 sec impurity 3.98%;
266 sec Impurity 0.50Zt

Gas Chromatography--One major component (representing 99.55%

of the total peak areas) and one minor component were observed by gc

under the following conditions:

* Column: 5' x 4 mw glass column packed with 10% OC-200

on Chromasorb W-HP 80/100.

* Temperature: 110 to 220%C at 4*/min.

* Flow rate: 30 ml/min.

* Detection: Flame ionization.

- Retentlon time: 1214 sec 4-amino-3.5-dinitrotoluene 99.55%;
909 oec impurity 0.45%.
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4.18_3-Amino-2.6-Dinitrotoluene
3-Methyl-2,4-dinitrobanzenanine

CHs

OaN NO,

0 0
NH2

Source: 3ynthesis, SRI

NH2 0OH 02 NO

0 KOH
28% N.2

Identity

Ir--The ir spectrum was consistent with the proposed structure.

The following bands were observed: (KUr pellet), 2.9, 3.0 (N-H, 10 aro-

matic amines), 5.5-59 (atmospheric H2O), 6.2, 6.8 (C-C, ring), 6.5, 7.4

(N-O), 7.65 (C-N, 1 aromatic amines), 11.2 (C-N, aromatic NO2 ), 12.15,

12.9, 13.25, 14.4 rm.

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed and the number of

protons each signal represents was dctermined from signal integrals:

6 2.27 (singlet, 311) CH3 ; 6 3.17 (singlet, H) Ha

6 6.72 (doublet, 2H, J - 10 cps) NH2
u 7.85 (doublet, H, J - 10 cps) b.

uv (Methanol---AX 205.4 nm, A -0. 496, c - 14,900
X - 225.0 ra, A- 0.373, c - 1.1,200
may

X - 343.0 nn, A- 0. 333, e - 9970.
max

Purit (99.85%)

190
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Elemental Analysis'--

Anal. for C H N 0 : Calcd: C, 42.65; H, 3.58; N, 21.31

Found: C, 42.41; H, 3.50; N, 21.14.

High-Presaure Liquid Chromatography--Otie major component

(representing 99.8% of the total peak areas) and one minor component

were observed by hplc. The following hplc conditions were used: V

* Column: 4 mm ID x 30 cm P Bondapak C1 8 (Waters Assoc.)

3 3olvent: 50% H20/50% CH3 0H

* Flew rate: 1.6 mlimin

* Detection: uv at 254 nm

e Av.ýrage retention time: 538 sec 3-amino-2,6-dinitrotoluene
99.8%; 150 se. impurity 0.2%.

Gas Chromatography--One major component (representing 99.9% of

the total peak areas) and one minor component were observed by gc under

the following conditions:

* Column: 5' x 4 mm glass column packed with 10% DC-200 on

Chromasorb W-HP 80/100.

* Temperature? 110 to 220*C at 4*/min.

* Flow rate: 30 ml/mmn N2 .

* Detection: Flame ionization.

* Retention time: 1491 sec 3-amino-2,6-dinitrotoluene 99.9%;
755 sec impurity 0.1%.
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4.19 4-Amino-2.6-Dinitrotoluene CH*
4-Methyl-3,5-dinitrotenzenamine_ ON NOs
11946-51-01

NHs
Source: Naval Surface Weapons Center (obtained from Aldrich

Chemical Co. under Navy Contract N60921-75-C-0251,
Septmeber 1976)

lxentitL,

Ir--The ir spectrum was consistent with the proposed structure.

The following bands were observed: (KBz pellet) 2.9, 3.0 (N-H, i0 aro-

matic amines), 3.3 (-C-H, aromatic), 6.1, 6.7 (C-C, ring), 6.5, 7.4 (N-O),

7.65 (C-N, i* aromatic amines), 13.65 (N-H), 7.0, 7.2, 8.3,.11.05, 12.3,

12.85, 13.4 tm.

Nmr--Tha nmr spectrum was consistent with the proposed struc-

ture. The foilowing chemical shifts were observed, and the numbcr of

protons each signal represents was determined from nignal integrals:

6 2.12 (singlet, 3H) CH3;6•0 (sIge, H
C3; 6 0 snlt H "

6 7.20 (singlet, 2H) H.

uv (Methanol)--max. 205.0nm, A- 0.360; c - 17,800

X max- 2 34.8nm, A- 0.505; c - 20,500.

Purity (99.7 ± 0.3%)

Elemental Analysis--

Anai, for C H 7N 30 Calcd: C, 42.6; H, 3 .3

Found: C, 42.52; H, .. ' .37.

High-Pressure Liquid Chromatography 1,c . jenting

100% of the total peak areas) was observed by hp'e. i Lollowing hplc

conditions were used:

198
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* Column: 4 - ID x 30 cm u Sondapak C1 8 (Waters Assoc.)

* Solvent: 50% H20/50% CH3 OH

* Flow rate: 1.6 ml/min

* Detection: uv at 254 nm

9 Average retention time: 528 sec 4-amino-2,6-dinitrotoluene
100%.

Gas ChromdtogYahX--One major component (representing 99.4% of

the total areas) and one minor component were observed by gc under th*

following conditions:

9 Column: 5' x4 mm gumes column packed with DC-200 on

Chromasorb W-HP 80/100.

e Temperature: 160 to 220*C at 4 imin.

* Flow rate: 30 ml/min N2.

* Detection: Flame ionization.

e Retention time: 757 sec 4-amino-2,6-dinitrotoluene 99.42;
863 sec impurity 0.6%.
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4.20 5-Amino-2.4-Dinitrotoluene (Recrystallized)
5-Methyl-2,4-dinitrobenzenamine CHS

0 NOI4

HaN 10;
Source: Synthesis, SRI NO2

CH3 CUS CH3

HSN 02NI1HILNO 65N111.iIN
0 H0 3  0 a 48%

NO2  N02  NO2

Identity

Ir--The ir spectrum was consistent with the proposed structure.

The following bands were observed: (KBr pellet) 2.0, 3.0 (N-H, 10 aro-

matic amines), 6.2, 6.75 (C-C, ring), 6.4, 7.5 (N=O), 7.9 (C-N, 1V aro-
matic amines), 9.7, 13.5 (C-H), 11.5 (C-N, aromatic NO2 ), 7.05, 8.5,
10.85, 11.99, 14.15 pr.

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 2.38 (singlet, 3H) CH3 ; 6 6.77 (singlet. H) Ha

6 7.94 (singlet, 2H) NH2 ; 6 - 57 (singlet, H) Hb.

uv (Methanol)--Am f = 205.6nm, A= 0.667, E = 24,500

max 231.4nm, A= 0.426, E = 15,700

X = 262.Onm, Af-i0.376, E - 13,800
max

A = 331.0nm, A= 0.302, c = 11,100.

Purity (99.8 ± 0.2%)
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Elemental Analysis--

Anal. for C7 H 7N 304 Calcd: C, 42.6; H, 3.6; N, 21.3

Found: C, 41.94; H, 3.51; N, 20.97.

High-Pressure Liquid Chromatography--Ote major component

(representing 99.6% of the total peak areas) and two minor components

were observed by hplc. The following hplc conditions were used: i
* Column: 4 mm ID x 30 cm V Bondapak C1 8 (Waters Assoc.)

* Solvent: 50% H2 0/50% CH3OH

* Flow rate: 1.6 ml/min

* Detection: uv at 254 nm

* Average retention time: 615 sec 5-amino-2,4-dinitrotoluene
99.6%; 52 see impurity 0.2%; 99 see impurity 0.2%.

Gas Chromatography--One major peak (representing 100% of the

total peak areas) was observed by gc under the following conditions:

e Column: 5' x 4 mm glass column packed with 10% DC-200 on
Chromasorb W-HP 80/100.

e Temperature: 160 to 220*C at 4*/min.

* Flow rate: 30 ml/min N2.

* Detection: Flame ionization.

e Retention time: 870 see 5-amino-2,4-dinitrotoluene 100%.
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4.21 2-Aa:o-4. 6-Dinitrotoluene CHI
2-Mathyl-3,5-dinitrobenzenamtine
[35572-78-21 OSN0NmM

NO.
Source: Naval Surface Weapons Center (obtained from Aldrich

Chmical Co. under Navy Contract N60921-75-C-0251,
September 1975)

Identity

Ir--The Ir spectrum was consistent with the propesed structure.

The following bands were observed: (KBr pellet) 2.9, 3.0 (N-H, 1* aro-

matic amines), 6.1 (C-C, ring), 6.5, 7.4 (N-o), 9.5 (C-H), 11.3 (C-N,

aromatic NO,), 13.55 (C-H and/or N-11), 10.4, 10.75, 12.3, 12.8, 14.1 km.

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was detervined from signal integrals:

6 2.07 (singlet, 311) CH3 ; 6 6.08 (sinEilet, 2H) NH2;

6 7.58 (singlet, 2H) H; 2.4 (DHSO) and .. 2 (H20).

ur (Methanol)--max 2 227.0nm, A=0.729, E - 20,600.

Purity (99.9 ± 0.1%)

Elemental Analysts--

Anal. for C7 H7 N3 04 : Calcd: C, 42.6; H, 3.6; N, 21.3

Found: C, 42.41; H, 3.59; N, 21.25.

Hilh-Pressure Liquid Chromatography--One major peak (represent-

ing 100% of the total peak areas) was observed by hplc. Tlhe follouing

hplc conditions were used:

e Column: 4 = ID x 30 cm u Bondapak C18 (Waters Asboc.)

e Solvent: 502 R120/502 CH30H

214



* Flow rate: 1.6 ml/min

* Retention time: 553 sec 2-amino-4,6-dinitrotoluene 100%.

Gas Chromatography--One major component (representing 99.8%

of the total peak areas) and one minor component were observed by gc

under the following condiLions:

o Column: 5' x 4 mm glass column packed with 10% DC-200 on
Chromasorb W-HP 80/100.

o Temperature: 110 t(ý 220*C at 4*/min.

9 Flow rate: 30 ml/min N2 .

a Detection: Flame ionIzation.

* Retention time: 1574 sec 2-amino-4,6-dinitrotoluene 99.8%;
1124 sec impurity 0.2%.
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4.22 2-Amino-4-Nitrotoluene
2-Methyl-5-nitrobenzen~tmine
[99-55-8] 2 H

0

Source: Pfaltz & Bauer NO8
Lot number not given
Catalog No. M22730

Identity

Ir-The ir spectrum was consistent with the proposed Structure

as well as with Sadtler Reference No. 13670 for 2-mino-4-nitrotoluene

(KBr wafer). The following bands were observed: (KBr pellet) 2.9, 3.0

(N-H, 1 aromatic amine), 6.1, 6.9 (C'C, ring), 6.6, 7.4 (N-O), 7.75

(C-N), 11.4 (C-N, aromatic NO), 13.55 (N-H, 1 aromatic amine and/or

C-H), 8.8, 9.05, 9.7, 10.0, 10.55, 12.1, 12.2 tm.

Nmr--The nmr spectrum was cons 4 stent with the proposed struc-

ture. The following chemical chifts were observed, and the number of

protons each signal represents was determined from signal integrals:

6 2.00 (singlet, 3H) CH3 ; 6 5.28 (singlet, 2H) NH2
6 6.83 (doublet, H, J - 4 cps) Ha
6 7.03 (doublet, H, J - 4 cps) Hb

6 7.32 (singlet, H) Hc.

uv (Methanol)--Amax = 203.5nmA-9.795, c - 7790
A - 229.0nm, A 1.2 4 2, c - 12,700

max
a - 251.2 nm, A 1.215, c 11,900max

A - 287.0nm, A 0.449, c 4400
max
A 369.0nm, A .189, £ 1850.

max

Purity ( 5 1.65Z)
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Elemental Analysis--

Anal. for C H N 20: Calcd: C, 55.3; H, 5.3; N, 18.4

Found: C, 53.18; H, 5.21; N, 18.45.

Some residue was noted.

High-Pressure Liquid Cirotuatograp--One major component

(representing 98.3 to 99.4% of the total peak areas) and one minor com-

ponent were observed by hplc. The follcwing h~lc conditions were used:

a Column: 4 mm ID x 30 cm p Bondapak CI8 (Waters Assoc.)

0 Solvent: 60% H20/40% CH3 0H and 55% H2 0/45% CH3 OH

e Flow rate: 1.6 ml/min

o Detection: uv at 254 run

* Retention time: At 60% H2 0/40Z H2 0, 656 seL 2-amino-4-
nitrotoluene 99.4%, 530 sec impurity 0.6%; at 55% H2 0/45%
paOH, 418 sec 2-amino-4-nitrotoluene 98.3%, 354 sec impu-
rity 1.7%.

Gas Chrcmatography--One major component (representing 96.1%

of the total areas) and two minor components were observed by gc under

the following conditions:

• Column: 5' x 4 mm glass column packed with 10% DC-200 on

Chromasorb W-HP 80/100.

* Temperature: 110 to 220°C at 4*/min.

* Flow rate: 30 ml/mmn P2

* Detection: Flame ionization.

* Retention time: 995 aec 2-amino-4-nitrotoluene 96.1%;
827 3ec impurity 3.3%; 1102 sec impurity 0.6%.
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4.23 2,4-Dinitro-5-Methylphenol

H
NO3

0
B.C

Source: Synthesis, SRI NOa

CH, CHs CHSO NO2 NOs NO,

NO2 H2N HO

Identity N00 NO, O2

I_--The ir spectrum was consistent with the proposed struc-

ture. The foL',3wing bands were observed: (KBr pellet) 3.2 (C-H,

aromatic), 6.15, 6.65 (C-C, ring), 6.32, 7.69 (N-O), 8.38 (C-C), 9.7,

13.39 (C-N), 11.5, 11.95 (C-N, aromatic NO,), 7.0, 7.85, 8.5, 9.0,

10.78, 12.9, 14.28.

Nmr-The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each sig..al represents was determined from signal integrals:

6 2.70 (singlet, 3H) CHs i1

8 7.10 (singlat, H) Ha

6 8.90 (singlet, H) Ht I
C 10.85 (singlet, U) OH.

Uv (?ethanol)--N - 214.2 nr,, A - 0.712, e - 11,750

A - 263 nm, A - 0.794, e - 13,-00

A max -335.6 nm, A - 0.287, c - 4740. j

Purity (>W 5%)

Ellemenut:l Analysis--�

Anal. for CHONvOg: Calrd: C, 42.43; H, 3.05- N, 14.14

Fonnd: C, 42.26; H, 3.17; N, 13.86.

231

=. i

........ .......



High Pressure Liquid Chromatography--One major component

(representing 98.7% of total peak areas) and one minor component were

observed by hplc. The following hplc conditions were used:

Column: 4 mm ID x 30 rm p Bondapak C,@ (Waters Assoc.)

• Solvent: 60% Hs0!40% CHOH

* Fico rate; 2.0 ml/min

• Detection: uv at 254 nm

Average retention time: 215 sec 2,4-dinitro-5-methylphanol
98.7%; 298 sec Impurity 0.23%; 375 sec impurity 1.06%.

Gas Chrouatopr aph--One major component (representing 98.9%

of total peak areas) and two minor components were observed by go, under

the following conditions:

9 Column: 6' x 2 mm glass column packed with 10% Dr. 200
on Chromasorb

* Teaperature: 130' to 220* C at 4*/min

• Flow rate: 30 ml/min Na

a Detection: Flame ionization

0 Retention time: 11.62 min 2,4-fdnitrc-5-methylpherol
98.9%; 13.8 mini impurity 0.1%; 22.2 min impurity 1.0%,

t I
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4.24 4-Ni-trobenzonitrile

16149-72-71 C-U

woo

Soirce: Aldr•1h Chemical Ccpany
Lot nimber twt given
Catalog No. N1, 200-7

Identity

Ir-The Ir spectz-m was e•osistent with the proposed ottec-

ture. The following bando were obaervsd: (Uir pellet) 3.25 (C-8,

aromatic), 4.48 (C-N), 6.25, 6.75 (CC, ring), 6.59, 7.46 (U-O), 9.CS,

13.39 (C-H), 11.64 (C-9, arvmatic, O0), '.78, 8.45, 9.,95, 14.73 u.

ture. The following dimcal shtf o were aberwd, and the I of

protoe each siglal rsreemts w dateremad fIv signal latatrelat

e 7.90 (doublet, 2YA JL-b - 3.0 eve) Ha

6 8.38 (doublet. 23, b-a - 3. cp) ah,

Vv (Nsthaol)-- - 206.0 nma A - 1.70, - I=

I Vo -25.2 m. A- 2,'. - 15,300.

Ammi. for CuL•se." Caled: C. S6.76; I, 2.?Z; , 16,91

foud: C. 56.52; 9, 3.00; 1, 14.75.
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Mr-EMM U9" KNOMuftmajor cH~qMMnt
(representing 99.52 of tote1 peak ere") and two misor ceMP am re

bserved by bplc. The followig bplc comdltime mrs used:

• Colmo: 4 an ID x 30 cm u Bndapek Cgs (Waters Assoc.)

S $olvent: 502 U915fi502 CNs

F low rate: 2.0 ml/uLn

* at•tle" uv at 25l am

* Ak 'ase retention time: 265 sec 4-altrobesonitrile 99.52;
99 in iapurU7 0.162; 189 sec Impurity 0.132.

f_-o major pAk (tvpreseutiu 1002 of the
taW peak area) as observed by gc uder the following conditions:

* Coum: 6' x 2 amn gass pacld vith IOZ DC 200 an
%* V-P 00/100.

* Temperactw: 130° (4 mun) to 220o C at 4./nIn.
* Fw rate: 30 1/ula go.
• Detectlw: time ? oaw zation.

* btemtom tim.: 4.94 afl 4-uitrobezylnittrile 1002.

240
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4.25 3-Amino-4-Nitrotoluene
5-Methyl-2-nitrohenzenexCine

NO,

Source: Synthesis, SRI

OtJA J

NOs NO0

Identitz

Ir--Tim ir Npictrum was consistent with the proposed struc-

ture. Tho follouing bands werx observed: (Ur pellet) 2.85, 2.95

(N-H, V aromatic smin..), C 15, 1.75 (C-C ring), 6.30, 7.53 (NN-O).

7.08 (C-U, metthyl), 8.X5 (C-N, V aromatic amines), 9.7, 13.3 (C-H),

11.78 (C-P, aromatic NO), 8.5, 9.20, 10.5, 12.5, 13.6 va.

Nar-The nur spectrum was consistent with the proposed

strue,',re. The follow-Lng che.dca1 shifts were observed, and the number

of protons each zignal represents was determined from signal Integrals:

6 2.25 (singlet, WH) CHs

6 6.OC (singlet, 2H) NH,

6 6.45 (doublet, H, 3a-8 - 3.0 cps) HO

8 6.50 (Ringl8t, 11) 1b 1

8 7.95 (doublet, H, Je-_ M 3.0 cps) He.

Uv (Msthanol)--) - 232.4 am. A - 1. 238, e - 16,150

A *B 288.3 tw, A - 0.093, t - 6,300.

f (98Z)
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Elemental t/aIysis--

Anal. for CHNaOa: Calcd: C, 55.26; H, 5.30; N, 18.41

Found: C, 55.09; H, 5.33; N, 18.23.

High-Pressure Liquid Chromatography--One major component

(representing 89.8% of total peak areas) and two minor components were

observed by hplc. The following hplc cor ditions were used:

• Column: 4 mm ID x 30 cm u Bondpak C1 e (Waters Assoc.)

• Solvent: 50% H$0/50% CHOH

* Flow rate: 2.0 ml/min

a Detection: uv at 254 cm

* Average retention time: 473 sec 3-amino-4-nitrotoluene
89.8%; 239 sec impurity 5.82; 279 sec impurity 3.6%.

Gas Chromatography--One major component (representing 98.22

of total ptak areas) and two minor components, the larger being

4-maino-3-nitrotoluene, were observed by gc under the following

conditions:

* Column: 6' x 2 mm glass column packed with 10% DC 200 on

Chromasorb W-HP 80/100.

* Temperature: 130* (4 min) to 2200 C at 4"/min.

* Flow rate: 30 ml/min N2

* Detection: Flame ionization.

* Retention time: 10.30 min 3-amino-4-nitrotoluene 98%;
9.86 min 4-amino-3-nitrotoluene 1.8%; 3.2 min impurity
0.2%.

Gas Chromatography--One major cumponent (representing 98% of

total peak areas) and two minor components, the larger being 4-amino-

3-nitrotoluene, were observed by gc under the following conditions:

* Column: 60-m SE30 glass capillary; Supelco

• Temperature: 130* (2 min) to 210" C at 2°/min

' Flow rate: 0.5 ml/uin Ns

248



* Split ratio: 150/1

* Detection: Flame ionization

SRetention time: 22.61 min 3-oduo-4-nitrotolume 982;
21.44 min 4-mino-3-uitrotoluen. 1.72; 11.00 min timpurity
0.32.
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Source: "ldrich Chemical Cowpany
Lot -. 090357CS
Catalog No. 16,774-6

1W '-The it spectrum vwa caisistent with the proposed struc-

ture. The foll',iug banis vete obuiei.r"ed: (RDr pellet) 3.25 (C-H,

=vmtIc), 4.45 (CMU). 6.19, 6 80 'O-C, ring), 6.55, 7.43 (NI0), 9.1.

13.6" (C-K), 12.25 (C-N. arcmwtic wa), 8.35, 9.30, 10.85, 11.05,

12.69 am.

ar--The -r spectrunm as conuistent with the proposed

structure. The following chinical ushifts vere observed, and the

wstber of protons each signal represeni:s was determined from signal

Integrels: 6 7.73 (triplet, H, Ja-bc = !.') cps) Ha

6 8.03 (doublet of triplets, Y Jb-a - 2.0 cps) Hb

6 8.50 (doublet of triplets, -, jc-e - 2.0 cps) Hc

6 8.56 (s81glet, H) Hd-

Uv (Qbgbadol)--k - 216.2 am, A 0 (i.513, c - 34,200

S- 252.1 to, A - ,.144, c - 9600msm

Ilemenmtal alys Au--

Anal. for CvHNaOa: Calcd: C, 56.76; H, 2.72; N, 18.91

Found: C, 56.54; R, 2.83; N, 18.82.

i2
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High-Pressure Liquid Chromatography--One major component

(representing 99.8% of total peak areas) and one minor component were

observed by hpl.c. Th'- ollowing hplc conditions were used:

* Column: 4 mm ID x 30 cm . Pondapak CI. (Waters Assoc.)

0 Solvent: 50% H20/50% MeOH

• Flow rate: 2.0 ml/min

a Detection: uv at 254 rx

* Average retention time: 281 sec 3-nitrobenzonitrile
99.8%; 470 sec impurity 0.Jl%.

Gas Chromatogr.phy--One major peak (representing 100% of tue

total peak areas) was observed by gc tnder the following conditions:

• Column: 6' x 2 mm glass column packed with 10% DC 200
on Chromasorb W-HP 80/100.

* Temperature: 130* (4 min) to 2200 C at 4*/min.

* Flow rate: 30 ml/min Na.

• Detection: Flame ionization.

* Retention time: 5.20 min 3-nitrobenzylnitrile 100%.

25

S~257



SPECTRUM NO..__
SAMPLE__ _

We.

00

0z

000

r- W 0~

z R4

+w -

uuz

z.J

0

(414

IIV)



V3±3WV4OU±3S HSV4N INN 06 OC-VA3

I1 i In .: I 

- q

40

44 '44 t I

ITSj-. 1 ii
-110

I I , 
I7'D

usH

A 77

i~. mu * 259



004

- ii CIhIic?. -

Comm ...... . .

I,,,uuOyh~ ..Iv£.t_-Ii,,'C,,

gp..

UJN

LL~

0LL

6-..

S¥FIGURE 161 GC SPECTRUM OF 3-NITRCIENZONITRILE

S i 260 •

Ii



3- N IT.o fl l ,, 1 1 ,

4 ~ v OIL
50 I

60 TP
200 NA

v 141E ARE Aso 1330 2

761 1030 2 0 '+
l, ll 1316 '° '"

1 261 3195435

314 300 6O.0

S 410 3900
3202901T

Si÷

.1" I I

4 .u

S I I -JI

IM,

I ~t.

LI

I U

.- 77

FIGURE 162 HPLC CHROMATOGkAM OF 3-NITRtO, .ONITRILE

261
0*;



t .. . . . . IJ iI

I I

.4 ,

~~~~1 ... .. 2,• z + .

- -- + . -_i1A

FIGURE 163 UV SPECTRUM OF 3-'NITROBENZONITRILE

262

- M s. . ...ni,. 

.



w-'I

•r*

. •I

•: 263
.m4

•_ .. . . .... .... .. ........... ..... .... . _ • • _, - - .., • -• ,-•-. ,



4.27 2-Amn•o-6-Nitrotoluene
2-Methyl- 3-nitrobeosenamine
[603-83-81

0
H H

H

Source: Aldrich Chemical Company
Lot No. 031207
Catalog No. 11,584-3

Identity

Ir--The ir spectrum was consistent with the proposed struc-

ture. The following bands were observed: (KBr pellet) 3.2 (N-H, 1"

aromatic smines), 6.2 (C-C ring), 6.65, 7.45 (N-0), 7.6 (C-N, 1"

aromatic amines), 9.68, 13.75 (C-H), 11.25 (C--N, aromatic No,), 6.1,

7.8, 8.95, 12.68 jam.

Nmr--The nmr spectrum was consistent with the proposed

structure. The following chemical shifts were observed Lnd the number

of protons each signal represents was determined irom signal integrals:

6 2.23 (singlet, 3H) CH,

6 3.92 (singlet, 2H) NH.

6 6.75-6.95 (multiplet, H)

6 7.0-7.2 (multiplet, 2H).

Uv (Hethanol)--x - 206.1 nim, A - 0.12$, c - 15,000

max M 234.4 nm, A - 0.124, c - 14,800

Xmax = 350.0 nm, A - 0.125, e - 480.

Purity (99%)

Elemental Ancilysi.--

Anal. for CHoNaO0: Calcd: C, 55.26; H, 5.30; N, 18.41

Found: C, 55.09; H, 5.33; N, 18.23.

264
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Udtb-Pressure LinUId Olramiston~f-ohm peak represetntog
100Z of total peak area was observed by hplc. The following hplc
cndltftons were used:

* Colum: 4 = ID x 30 am u Do~apak Cgs (Waters Assoe.)
* Solvent: 602 UsO/402 M9OH
"* Flow rate: 2.0 ml/aln
"a Detection: uv at 254
* Average retention timr: 353 sec 2-amloo-6-aitrotolusne

1002.

Qas Chromatography-One major peak (represmtntg 99.82 of
total peak areas) and two minor peaks were observed by ge under the
following conditions:

0 60-u SE 30 g ass capillary; Supelco
* Temperature: 150' to 220* C at 2*/man
• Flow rate: 0.5 ml/mLn
* Split ratio: 150/1
* Detection: Flame ionization
• Retention time: 17.66 min 2 -mino-6-nitrotoluene 99.82;

18.47 min impurity 0.1%; 19.3 min Impurity 0.12.

3
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4.28 3,5 -Dinitroanline
3,5-Dinirrobenzenamine NHO
618-e -.-1]

0
No2  NO2

H

Source: Aldrich Chemical Company
Lot No. 011477AB
Catalog No. 019,340-2

Identity

Ir--The ir spectrum was consistent with the proposed struc-

ture. The following baikda were observed: (KBr pellet) 2.85, 2.95

(N-H, 1V aromatic amines), 3.25 (C-H, aromatic), 6.18, 6.9 (C-C, ring),

6.6 (N-O), 7.S (C-N, 1 aromatic amines), 9.15, 13.72 (C--H), 11.38

(C-N, aromatic NO0), 10.02, 10.8, 12.35 pm.

Nmr--The nmr spectrum was consistent with t.•,e proposed

structure. The following chemical shifte were obseeved and the number

of protons each signal represents was determined from signal integrels:

6 4.35 (singlet, 211) NH2

S7.68 (doublet, 2H, Ja-b 0,8 cps) Ha

6 8.30 (triplet, H, Jb-a - 0.8 cps) Hb.

S- 258.0 nm, A - 0,053, £ - 10380.

Purity (982)

Elemental Analysis

Anal. for C#HsNsO: Calcd: C, 39.35; H, 2.75; N, 22.95

Found: C, 39.48; II, 2.83; N, 22.50.
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High-Pressuze Liquid Chromatography--One maJor component

(representing 99.8% of the total peak areas) and one minor component

were observed by h. The following hplc conditions were used:

a Column: umm ID x 30 cm P Bondapak C1 1 (Waters Assoc.)

* Solvent: 50% H,0/50% CEmOH

* Flow rate: 2.0 ml/izzin

* Detection: Lv at 254 nm

* Average retention ftIme: 414 sec 3,5-dinitroaniline 99.8%;
242 sec impurity 0.2%.

Gas Chromatography---One major peak (representing 100% of

total peak areas) was observed by gc under the following conditions:

"* Column: 6' x 2 mm glass column packed with 10% DC200
J Chromasorb W-HP.

". Temperature: 1300 (4 min) to 220* C at 40 /min. I
"* Flow rate: 30 ml!min Ha.

"* Detection: Flame ionization.

"* Retention Time: 20.13 min 3,5-dinitroaniline 100%.
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4.29 2,3,6-Trinitrotoluene
1-Methyl-2,3,6-trinitrobanzene CHS
[18292-97-21] NO

0.
*.'NOs

Source: Synthesis, SRI

NH2 NHAc NH2 CHS

0H (D HN30- 0
NO•ONO, NbOS

Identity.

Ir--The ir spectrum was consistent with the proposed struc-

ture. The following bands were observed: (KBr pellct) 3.23 (C-H,

aromatic), 3.45 (C-H, methyl), 6.5, 7.45 (N-O), 7.1 (C-C, :..ing), 9.65,

13.95 (C-H), 11.38, 11.8 (C-H, aromatic NOs), 7.75, 8.35, 8.75, 10.45,

12.03, 12.48, 12.95.

N-ar--The nmr spectrum was consistent with the proposed

structure. The following chemical shifts were observed and the number

of protovis each signal represents was determined from signal integrals:

S 2.52 (singlet, 3H) CH.

6 8.10 (doublet, H, 3.0 cpJ) H

a 8.25 (doublet, H, 5b-a - 3.0 cps) Hh.

Uv (Methanol)--ma - 207.9 nm, A - 0.326, c - 19,880

Xl- M 252.0 rim, A = 0.138, e - 8400

A - 293.2 nm, A - 0.039, c - 2380.

Puirit_ (>99.3%)

280



Ulemetal Anallsis-

Anal. for CHvNqO: Calcd: C, 37.01; H, 2.22; N, 18.5

Found: C, 36.88; H, 2.24; N, 17.5.*

High-Pressure Liquid ChromLtoraphyl-One major component

(representing 99.32 of the total peak areas) was observed by hplc.

The following hplc conditions were used:

* Column: 4 me ID x 30 cm P Bondapak Cle (Waters Assoc.)

0 Solvent: 50% H10/502 CHOH
a Flow rate: 2.0 sl/min

* Detection: uv at 254

* Average retention time: 560 sec 2,3,6-trinitrotoluene
99.32.

Gas Chromatografhy--One major component (representing at
least 99.82 of the total peak areas) and one minor component were

o served by gc under the following conditions:

* Column: 6' x 2 m- glass colun packed with 102 IC200 on
Chromasorb W-HP 80/100.

• Temperature: 130" (4 min) to 220' C at 4°/uin.

• Flow rate: 30 ml/min No.

0 Detection: FlIae ionization.

* Retention time: 14.29 min 2,3,6-trinitrotoluene 99.82+;
12.7 min impurity <0.22.

I Some trinitro compounds tend to give lov N results with the Perkin-
Elmer analyzer.

281



SPECTRUM PO.'.

4.~

IxI

z U

f.4I :E L I
T~~ I F 0 C

- N

o '-4

a-

282



006

C.&.. (I QSftV Tm ut s

wo ............. Comm .....39

* nt/i. hds..-...0o

san~ CNS, To awU.

0

CL Z

CL 0

Ln I

M- N

*FIGURE 178 GC SPECTRUM Oy 23,6-TRniTROTOLU~EN

7 283



UUM3#OW133dS UWN ZHVI 06 06E-i3

-,. : .:.., a Tiq 7 7T 7 '

'K .~-I -i---* -----}I I T<W

I~ ~ .1 I.... ...... .. .

v I .r w 0
e-44

d CO 441
Z j -

z1 __N to

7+I 
1~

...... ....
- . ~14i

4 i I

ouIoSHI6 p o Id UOISIAIP juawn4sul uelj*A

v" 0 e111muuw mlaýION ow i

284



Z, 3,6 -"rINITPOTOLL'•

-- R-°-- 7-r -T T--r-°-T10 1
l i I ,i I I "

, I ul 10

- --so S
60 TP

÷ : I I ', . ; :200 N, A

, TIME AREA

S t ' 1231 3 71 1 O.

123...•w 'i , 2436 2114 •o o"
" 208 1345 0.0 ,

Wi__ _4 39 250"" •• "- 560 2058933 lqi,3z

S 1034 554 2

•'•-; 7-- ! . • 1066 3533 3
' i • ;' i i i2076114T '

---2-

-4

S".! ' I I * -3--.

, : ' ! I I' • -

M-R---
-'- I I iR 29,7

FI'URE 180 HPLC CHROMATOGRAM OF 2,3,6-TRINITROTOLUEW

285

'- I EStIfhi!hB ii ,v.h $ , '~**Ž*..* -



2,f-i 13 t-

AIS

300" 12So

'21q3 . 1370

K |4

I ,--._- I-

FIGURE 181 UV SPECTRUM OF 2,3,6-TRINITROTOLUENE

286



iI

__ 4.i •

Pd1



4. 10 2-Aminii-3. 6-Dinitrotoluene
2-Methyl-3,6-dinitrobenzenamine
(56207-39-7] CHl

02N NH2

02

Source: Synthesis, SRI

Nil, NHAc a

CH3 02N CH 9 02 CRs

N, * NO2HO NO,

Identity

Ir--The ir spectrum w~as consistent with the proposed struc-

ture. The following bands were observed: (KBr pellet) 2.90, 2.98,

(N-H, 10 aromatic amines), 6.18, 7.0 (C-C, ring), 6.6, 7.45 (N-0O), 7.95

C-N, lo a-<omatic amines), 12.19 (C-N, aromatic NO2 ), 1.0(-N), 7.7,

8.45, 8.7, 11.55,.13.0 P.m.

Nmr--The nmr spectrum was consistent with the proposed struc-

ture. The following chemical shifts were observed, and the number of

protons each signal represents was determine6 from signal integrals:

6 2.23 (single~t, 3H) Cli,

6 6.40 (singlet, 2N) NH,

6 7.10 (dourllet, H, Ja-b - 3.0 cps) Ha

6 8.12 (doublet, H, sb-a - 3.0 cps) Rb.

Uv (Methanol)--A ma 229.4 rnm, A -0.211, e 18,100

A -276.9 tim, A -0.046, £ 3950.

max
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Elemental Analysis-

Anal. for C7HN4O: Calcd: C, 42.65; H, 3.58; N, 21.31

Found: C, 42.82; H, 3.67; N, 21.13.

High-Pressure Liquid Chromatography--One major component

(representing 99.89% of total peak areas) and one minor component were

observed by hplc. The following hplc conditions were used:

"* Column: 4 mm ID x 30 cm v Bondapek Cls (Waters Assoc.)

"* Solvent: 50% H20/50% CH,OH

SFlow rate: 2.0 ml/m•n

* Detection: uv at 254 n

* Average retention time: 571 sec 2-amino-3,6-dinitrotoluene
99.89%; 183 sec impurity 0.11%.

Gas Chromatography--One major component (representing 100%

of total peak areas) was observed by gc under the following conditions:

* Column: 6' x 2 an glass packed with 10% DC 200 on

Chromasorb W-HP 80/100.

0 Temperature; 130* C (4 min) to 2200 C at 4*/min.

• Flow rate: 30 ml/min.

• Detection: Flame ionization.

0 Retention time: 17.21 min 2-amino-3,6-dinitrotoluene 100%.
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5 ENVIRONMENAL FATE ESTIMATES FOR CONDENSATE COMPONENTS

The introductIon of condensate components into the environment

through wastewater discharge creates concern not only about the envir-

onmental impact of the mixture and the individual components, but also

about the potential transformation products resulting from environmental

processes such as photolysis.

For determination of which compounds miy be photolytically labile,

the condensate mixture was photolyzed in the flow-through reactor as

described in Section 3.4.2, and the individual components were monitored

by gas chromatography. Exhibit 3 lists the compounds that were found

to be photolytically reactive and those that were nonphotolytically

reactive.

An evaluation of the structures of the compounds in Exhibit B

indicates that one requirement for the occurrence of photolysiLs is

that the molecule must have a ultro group positioned ortho to a methy_

group. The only compound without this characteristic is 3-sutino-2,4-

dinitrotoluene; its nonphotolability can be explained by an .Lntra-

molecular association of the nitro group with the amino function.

This interaction inhibits the ortho nitro group from interaction with

the methyl group.

'I

NN

296



Exhibit B

PHOTOREACTIVITY OF CONDENSATE COMPONENTS

Photoreactive Nonphotoreactive

2,6-Dinitrotolue e 1,3-Dinitrobenzene

2, 5-Dinitrotoilaene 3, 5-Dinitrotoluene

3-Amino-2,6-dinitrotoluene 3, 4-Dinitrotoluene

4-Amrto-2 ,6-dinitrotoluene 3-Amino-2 ,4-dinitrotoluene

2, 3--Dinitrotoluene 4-Nitrotoluene

2, 4-Dinitrotoluene 3-Amino--4-ni trotoluene

1, 5-Diinethyl-2 ,4-dinitrobenzene Toluene

2-Nitrotoluene 5-Methyl-2 -nitrophenol

1-Amino-6-nitrotoluene 4-Nitrobenzonitrile

2 ,4,6-Trinitrotoluene 3-Nitrobenzonlitrile

5-Amino-2 ,4-dinitrotoluene 2-Amino-4-nittotoluene

4-Amine 3 ,5-dinitrotoluene 1,3 ,5-Trinitrobenzene

2-A~mino-3 ,6-dinitrotoluene 3, 5-Dinitroaniline

2,3, 6-Trinitrotolueue

2-Amino-4 ,6-dinitrotoluene

3-Methyl-2-nitrophenol
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To evaluate the effects of photolysis in sunlight as compared with

the laboratory photolysis results, we performed a rooftop study similar

to the one described in Section 3.4.2. This study revealed that the

concentrations of many of the components that had not been determined

to be photoreactive in laboratory studies did decrease as a function

of time in sunlight. We postulated that volatility may affect these

chemicals in aqueous systems.

To test this hypothesis, we used a 440O-ml aqueous solution con-

taining the condensate components listed in Table 13, divided it in

half, and poured it into two identical glass containers. Each container

was lined with paper so that photolysis could occur only near the sur-

face of the solution. One container was placed in the sunlight, and

the other was placed approximately 5 feet away itt an area that was

continuously shaded. Each solution was stirred with a magnetic stir

bar at equal rates, and samples were removed periodically for capillary

gc analysis and measurement of water loss. Water loss from each

solution averaged 250 ml/day for the sun solution and 200 ml/day fer

the shade solution. These volumes were added to each solution before

sampling for gc analysis.

Table 14 presents the results of these experiments, which indicate

that both photolysis and volatility can be important factors in deter-

mining the fate of condensate components in water. The condensate

components can be grouped into three categories: Group 1, in which

volatility is the only factor affecting compound loss; Group 2, in

which volatility and photolysis are both important; and Group 3, in

which photolysis is the predominant factor.

The chemicals in Group 1 are 1,3-dinitrobenzene, 3,5-dinitrotoluene,

3,4-dinitrotoluene, 3-amino-2,4-dinitrotoluene, 2-nitrotoluene, and

4-nitrotoluene. Plots of the concentration of thece compounds against

time are linear. The slopes of these lines differ by 1.2, which is

the ratio of the water loss between sun and shade.
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Table 13

CONCENTRATIONS OF CONDENSATE COMPONENTS
USED IN SUN-SHADE EXPERIMENT

Concentration
ComLponent (mv./liter)

2-Nitrotoluene 0.08
4-Ni trotoluene C.32
2 ,6-Dinitrotoluene 14.5

1, 3-Dinitrobenzene 1.
2 ,5-Dinltreo1luerne 0.87
2, 4-Dinitrotoluene 37.0
2, 3-Dii'itrotoluene 1.. 1

3, 5-Dinitrotoluene 0.91
3, 4-Dinitrotoluene 1.0
l,5-Dimerhy1-2,4-dinitrobanzene 0.70
3-Amino-2 ,4-dinitrotoluenc? 3.35
4-Axmdno-3 ,5-dinitrotoluene 0.25
3--Amino-2 ,6-dinitrotoluene 3.14-Amno-26-diitrooluee 1.
5-Amino-2,6-dinitrotoluene 1.2
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The Group 2 chemicals are 2,3--dinitrotoluene, 2,4-dinitrotoluene,

1,5-dimethyl-2,4-dinitrobenzene, 4-amino-3,5-dinitrotoluene, and

5-.amino-2,4-dinitrotoluene. In this group, both photolysis and vola-

tility are important, but the effect is least promounced in the amino-

d'introtoluene compounds. The comparative losse3 for these compounds

indicate that the two processes are competitive.

The Group 3 chemicals are 2,6-dinitrocoluene, 2,5-dinitrotoluene,

3-amino-2,6-dinitrotoluene, and 4-amino-2,6-di-iitrotoluene. In this

group, the effect of photolysis is dramatic avnd indicates that volatil-

ization plays a limited rose in describing the fate of these compounds.

We performed a siailar study in the laboratory to confirm conden-

sate component lores die to volatilination. A solution containing

condensate comronents was placed In a darkened hood under conditions

similar to thosa used in the rooftop study. Component losses were

monitored periodically and are presented in Table 15. The component

losses were similar to those obierved in the shade rooftop experiment.

A comparison of the Percx•ntage of loss at 192 hours in this study and

at 240 hours in the shade rooftop study (bottom of Table 15) shows

relative component losees, indicating that the same factor (volatili-

zation) operates in both cases. These results irdicate the aignifi-

cance of volatilization in describing the fate of coidensate componentc

in fresh vater.

To obtair, an indication of the contribution and magnitude of

volatility and photolysis in describing the fate of condensate com-

ponants, pseudo first-order rate constants were detormined for each

pro.ess using the data in Table 14. The rate cunstent for volatiliza-

tion was generated from the shade experiment using the equation

domiks (S ,1 (8)
dt V
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where k is the volatilization rate constant for substrate S. A pseudo
v

first-order rate constant was also generated fror the sun expertment

using a similar equation,

-ds k [SI] (9)dt v+p

where the rate constant k is related to both the volatilization and

photolysis processes by

k5  1.2k8 + ks (10)

The factor 1.2 was used to reflect the difference in water loss between

the sun and shade experiments. Since ks and k8 were measured, kv-Ip v p

could be calculated.

Using this approach, the k and k values were calculated and are
p v

listed in Table 16 for 15 condensate components. These rate constants

should not be used to calculate environmental half-lives; they serve

only to give a relative magnitude of the processes between compounds.

By normalizing the rate constants, we calculated the percentage of

contribution of photolysis and volatility to the loss of condensate

compounds from water; Table 17 presents these data.

The rato constants were combined and are listed in decreasing

order in Table 18. By listing the compounds in this manner, some order

of persistence can be established for this condensate mixture. Thus,

3,4-dinitrotoluene, 4-amino-3,5-diuitrotoluene, 3-amino-2,4-dinitrotoluene,

1,3-dinittobenzene, 3,5-dimiitrotoluene, and 5-amino-2,4-dinitrotoluene

would be expected to persist the longest in the environment, excluding

such fates as sediment adsorption and biotransformation.
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Table 16

RELATIVE RATES OF LOSS OF CONDENSATE COMPONENTS
DUE TO VOLATILITY AN~D PIIOTOLYSIS

k x 10-2
Component- (ppm/hr)

Volatilization

4-Nitrotoluene 49.9
2-Nitrotoluene 25.9
2 ,6-Dinitrotoluene 5.64
2 ,5-Dinitrotoluer~e 4.01
2, 3-Dinitrotoluene 3.47
1,5-Dimethyl-2 ,4-dinitrobenzene 2.81
3, 4-Dinitrotoluene 2.57
2, 4-Dinitrotoluene 2.37
3, 5-Dinitrotoluene 2.28
1, 3-Dinit::obenzene 1.88
3-Aminio-2 ,4-dinitrotoluene 1.20
3-Amnino-2,6-dinitrotoluene 1.15
4-Amino-3,5-dinitrotoluene 1.15
4-Amino-2 ,6-dinitrotoluene 0.30
5-Ainino-2 ,4-dinitrotoluene 0.00

Photolysis

2-Nitrotoluene 19.00
3-Amino-? D6-dinitrotoluene 14.58
2, 5-Dinirrotoluene 10.01
2, 6-Dinitrotoluene 7.53
4-Amino-2 ,6-dinitrotoluene 5.95
1 ,5-Dimethyl-2,4-dinitrobenzene 2.29
2, 4-Dinitrotoluene 1.83
5-Amiro-2 ,4-dinitrotoluene 2.10
2, 3-Dinitrotoluene 0.63
1, 3-Dinitrobenzene 0
3, 5-Dinitrotoluene 0I
3,-Aminirlolue-dna 0t~un
3-Amnino- , 5-dinitrotoluene 0

4-Nitrotoluene 0
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Table 17

THE PERCENTAGE OF CONTRIBUTION OF PHOTOLYSIS AND VOLATILITY
TO THE LOSS OF CONDENSATE C014POMWS FROM WATER

Percentage o)f
Component Lose Due To-

1,3-Dinitrobenzene 0 100

2,6-Dinitrutoluer.e 57.2 42.8

2,4-Dinitrotoluene 13.5 56.5

2,5-Dinitrotoluene 68.6 31.4

2,3-Dinitrotoluene 16 84

3,5-Dinitrotoluene 0 100

3,4-Dinitrotoluene 0 100

1,5-Dimethyl-2.4-dinitrobenzene 44.9 55.1

3-Aimino-2,4-dinitrotoluene 0 100

3-Amino-2,6-dinitrotoluene 92.7 7.3

4-Amino-2,6-dinitrotoluene 95.2 4.8

2-Nitrotoluene 37.7 62.3

4-Nitrotoluene 0 100

5-Amino-2,4--dinitrotoluene 100 0

4-Amino-3,5-dinitrotoluene 0 100
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Table 18

RELATIVE RAES OF LOSS OF CONDENSATE COMPONENTS
FROM4 THE ENVIRONMENT AS A FUNCTION

OF PHOTOLYSIS AND VOLATILITY

Compound k x 10 /hr

4-Nitrotol~uene 49.6

2-Nitrotoluens 44.9

3-Azuino-2 ,6-dinitrotoluen. 15.74

2, 5-Dinitrotoluene 14.02

2, &.Dinitrotoluer~e 1.3.17--

4-Amino--2 ,6-dinitrotoluene 6.25

1, 5-Dimethyl-2 ,4-dinit~robenzene 5.10

2, 4-Dinitrotoluen. 4.20

2, 3-Dinitrotoluene 4. 12

3, 4-Dinitrotoluene 2.57

3, 5-Dlnitrotoluene 2.28

5-Amino-2 ,4-dinitrotoluene 2.10

1, 3-Dinitrobenzene 1.88
3-AMino-2 ,4-dinitrotoluene 1.20

4-Ainino-3 ,5-dinitrotoluene 1.15
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To ascertain whether or not sediment adsorption and bioaccummula-

tion may be significant fantors in describing the anvironmental fate

of condensate components, the octanol/water partition coefficients were

calculated by computer according to the method of Leo at al. and are

listed in Table 19. For some compounds, literature references could

be obtained and are included in the table. The partition coefficients

are closely related to each other, which is expected because of the

similarity of the structures of the components. These values may be

related to sediment adsorption, especially for sediments high in

organic matter. However, caution should be used in ascribing any cor-

relations with these compounds that have ionizable groups (such as the

phenols and amines) since the adsorption of these compounds will

depend on the cation exchange capacity of the sediment.

From the octanol/water partition coefficients, the log of the

bioconcentration factor (BCF) was calculated for condensate components

according to the method of Branson et al'. Table 20 presents these

data. The bioconcentration factors range from 2.18 to 52.50. Biocon-

centration of the condensate components in fish should not be sigdifi-

cant according to the US. Army MeJical Bioengineering Rejearc1, and

Development Laboratory aquatic technical advisors who believe that

1000 is a minimum value for the BCF before bioaccummulation is

significant.

This preliminary estimate ef environmental fares for condensate

compounds indicates that volatilization and photolysis can play major

roles in the removal or transformation of selected components in an

aquatic system and that sediment adsorption and bioacesmulation may

play only minor roles. The effects of biotransformation have not been

considered in this study and we recommend that this fate be investi-

gated, especially with respect to those compounds that show indications

of enviromaevtal persistence.
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Table 19

OCTANOL/WATER PARTITION VALUES (LOG P)
DETERMINED FOR CONDENSATE COMPONENTS

Compound log P Ref

2,4-Dinitrotoluene 2.28 1
2,6-Dinitrotoluene 2.285 6
1,3.Dinitrobenzene 1.62 6
3-Amino-2,/t-dirtitrotoluene 1.06 6
3-Amino-2,6-dinitrotoluene 1.06 6
5-Amino-2,4-dinitrotoluene 1.06 6
3,5-Dinitrotoluene 2.285 6
3,4-Dinitrotoluene 2.285 6
4-Amino-2,6-dinitrotoltune 1.06 6
1,5-Dimathyl-2,4-diaiitrobenzene 2.95 6
2,3-Dinitrotoluene 2.285 6
2,5-Dinitrotoluene 2.285 6
2,4,6-Trinitrocoluene 2.03 6
4-Amino-3,5-dinitrotoluene 1.06 6
Toluene 2.69 2

2.73 3
2.11 4
2.80 5

4-Nitrotoluene 2.37, 2.42 2, 5
2,4-Dinitro-5-methylphenol 1.62 6
2-Amino-6-nitrotoluene 1.315 6
3-Amino-4-nitrotoluene 1.315 6
2-Nitrotoluene 2.30 5
2-Amino-3,6-dinitrotoluene 1.06 6
2,3,6-Trinitrotoluene 2.03 6
2-Amino-4,6-dinitrotoluene 1.06 6
5-Methyl-2-nitrophenol 1.875 6
2-Amino-4-nitrotoluene 1.315 6
3-Methyl-2-nitrophenol 1.875 6
1,3,5-Trinitrobcnzene 1.365 6
3,5-Dinitroaniline 0.395 6
3-Nitrobenzonitrile 1.17 2
4-Nitrobenzonitrile 1.19, 1.31 2, 6

1. D. Nikaitanl and C. Hansch. Unpubliahed, NIH PROPHET cCmputer
retrif;val data.

2. T. Fujita, J. Iwvsa, and C. Hanech. J. Am. Chem. Soc. 86,
5175 (1964).

3. C. Church. Unpublished, NYH PROPHET computer retrieval data.
4. K. Rogers and A. Cammarata. J. Med. Chem. 12, 692 (1969).
5. M. Tichy and K. Bocek. Cocmunication to Dr. Howard Johnson,

SRI International.
6. Calcullted according to the method suggested by A. Leo :t &I.,

J. NMd. Chem. 18(9), 865-668 (1975).
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Table 20

CALCULATED LOG BCF VALUES FOR CONDENSATE WATER COHPOtIENTS

Compound j-Y Po DMCF* sCF

3,5-Dinitrotolusne 0.395 0.338 2.18
3.hzmino-2,4-dinitrotoluene 1.06 0.698
3-hmino-2,6-dinitrotoluene 1.06 0.698
5-Aaino-2,4-dinitrotoluene 1.06 0.698
4-Amino-2,6-diflitrotoluene 1.06 0.698
4-hmino-3,5-dinitrotoluene 1.06 0.698
2-Amino-3,6-dinitrotoluene 1.06 0.698
2-Amino-4,6-dinitrotoluene 1.06 0.698
3-Nitrobantonitrile 1.17 0.758
4-Nitrobonxonitril* 1.19 0.769
2-Amino-6-nitrotoluene 1.32 0.839
3-Amlno-4-nitrotoluune 1.32 0.839
2-Amino-4-nitrotoluene 1.32 0.839
l,3,5-T7:inItrobenzen* 1.36 0.861
2,4-Dialtro-5-methylphanol 1.62 1.00
1,3-Dinitrobenzene 1.62 1.00
5-hatbyl-2-nitrophanolo 1.88 1.14
3-Mothyl-2-nitrophanol 1.88 1. 14
2,4-Dinitrotoluene 1.98 (2.28)t 1.19 (1.36)
2,6-Dinitrotoluene 1.98 (2.28) 1.19 (1.36)
3,5-Dirvitrotoluene 1.98 (2.28) 1.19 (1.36)
3,4-Dinitrotoluene 1.98 (2.28) 1.19 (1.36)
2,3-Dinitrotoluene 1.98 (2.28) 1.19 (1.36)
2,5-Dinitrotoluene 1.98 (2.28) 1.19 (1.36)
2,4,6-Trinitrotoltene 2.03 1.22
2,3,6-Trinitrotoluene 2.03 1.22
2-Nitrotoluene 2.30 1.37
4-Nitrotoluene 2.40 1.42
Toluene 2.58 1,52
1,5-Diuethyl-2,4-dinitrobensons 2.95 1.72 52.50

Log BCF - 0.542 log P + 0.124

tCalclated.
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6 CONCLUSIONS AND RECOHKENDATIONS

The results of this stud. indicate that discharges from Composi-

tion B lines at LAP facilities contain, on an average, TNT and RDX at.

a ratio of 1.6/1 in the absence of pollution abatement treatment. SRI

recommends that further toxicological investigations be performed using

this component ratio because it represents a worst-case condition for

which environmental impact data should be known.

The effects of sunlight photolys's on TNT/RDX mixtures can be

studied in the laboratory with mercury lamps with Pyrex filters as an

artificial light source. The preparation of photolyzed residues for

toxicological evaluation -.an be achieved in the laboratory for acute

and subacute investigations, but time and cost coastraints would make

the preparative method ineffective for 'ong-term chronic studies.

In the condensate wastevater discharge at VAAP, 33 comporents

vere identified. The ratio of discharged components was found to be

highly variable over the 12-month sampling period. A representadtve

discharge was established by computer analysis. Toxicological and

environmental impact data are limited for this array of compourds.

SRI recommends that the envirorewintal persistence of these compounds

be considered as one criterion in establishing priorities for further

toxicological investigations.

Condensatt components for toxicological evaluations can be obtained

through commercial sources and/or the synthetic methods described in

this report. SRI recommends that analytical characterizations be

performed on all materials used in toxicological evaluations because

these classes of compounds are highly subject to isomeric contmiination.
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Appendix

GLASS CAPILLARY GAS CHROMATOGRAPHIC ANALYSIS
OF CONDENSATE COMPONENTS

Because of the complexity of components discharged In VAAP conden-

sate wastewater, a highly skilled mass spectrometrist is reouired to

identify underlying cowponents in major eluting chromatographic peaks.

At tims•- this can only be achieved when the cao.pounds being sought

are known.

One way to alleviate this problem and to aid in qualitative and

quantitative measurements is to increase the resolution capabilities

of the chromatographic cystem. This can be achieved through the use

of glass capillary columns.

Figure A-i demonstrates the resolution capabilities that this

system possesses on a synthetic mixture of the condensate blend. An

actual VAAP wastewater extract appears in Figure A-2. In Figure A-2,

3-nitrotoluene is resolved from the 2 and 4-isomers and many more

components appear that have not been identified. The majority of these

new components are present in the parts-per-billion (ppb) range and

represent a very small part of the total mixture.

The conditions under which thase chromatograms were obtained are

as follows:

Instrument: Varian Model 2740 Gas Chromatogr&ph modified for I
capillary gc.

* Column: 60 meter SE-30 glass columa (J & W Scientific).

* Temperature: 140 (50 min hold) * 220 ct 40 min (30-mmn hold).

* Split ratio: 190/1.

* Flow rate: 0.58 ml/min Na.

* Detection- Flame ionization.
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